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National Aeronautics and Space Administration under
Contract NAS7-100C. ,

‘‘‘‘‘ - e - .

*




‘ ' R "‘ A g = 5 ‘:
. N RN iafo
JET pnopm,sxon LABORATORY R mmomcs MEMO
R 2 . . " : ’
TO: ‘H H. Hagtund C e April L. 1963 IR
FROM: G. W. Meisenholdbr" ‘ - |  ;lf_.i3;;’ . .:1 i‘ﬁkl?fdﬁ*ﬂff'
SUﬁJECT:. Summary of Celestial Sensor Activity to be‘Diecussed tt Goddard
apace Flight Center 11 April 1963 ';514 O
..O This Memo ia a summary of uPL guidance and control celeatial senscr ;
development activity over the past three years. Sinco'time for pre~
paration of this report has been short it is comprised mainly of"
excerpts from previous intornnl and externa] -JPL" documen&s..l',
2.0 Senaors that have floun. iﬁ i
a. Ranger 5un bansors (Soe pagea S, 6 e, 9,,45); e :
1. Rugged - no moving parts - can be dipped in liquld hitroged"
wlth no offect. - . = _ r#, :
g 2. No. appreclable scale factor change over large solar'constant
;change. ‘ R th_,‘vi," 3 - n';,' {f? P
3. Tr steradian fleld 6f view. . o g,f
.a;
5Q
: 'preamplif*er requlred. K <5
6. »Accuracy average on 2& single axis paxra.«f{fff
"hO‘F to 160’? null shift = 20° aec‘w 0057'“&f@
) f-huIA offaet average beforo rlight accoptance(testing = i
; _ T 4l2 sec T L o :
,hull offset averaga after flxght accoptnnco te
2. 5“ 120 sec lcr—:;‘ .
B _;~' k. Hanger Eavth Sonaor (See pages»?, 11—15, AS, 4b, 29, 30, 56-61 09, ?0)‘__
' L. Huggod - no.moving partu‘- no preasurisation - nq hot éathodes «f '
' - no tailurcq.during shake or‘ahock of lh unltsﬂi‘.f- e :
“e : r" ": | ' “ "
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‘2. Handles a large dynamic range by £ property of photomultiplier
S gain. : ' S

1

v 3. 2.9 watts, Z.6 lbs, 17 transistors,

4, Quite unsensitive to stray lighi.

5. Accuracy =~ .l1° le t5% of apparent &ngular,diameter of-earth.-
¢.” Martner II-Sun Sensors. .
i. Very similar to Ranger t}bes except the "shadow vane" is

shorter. Scale factar. is 9 velts per degree at = €K output

impedance., No prearpixflers required.

4. 3un Gate (See pages 34, 48). Indicates when sun is within
- 2.%7 of sun for acquisition logiec.

1. Mariner Il lung Range Earth Sensor (See paras 28, 35, 36, 38-k4,
o7, e, 71-78).

1., Field of view 22¢ in roll 15° in hinge.

L. Radiant inpit range 5 x 10 -1 w/cm to n'x, 7 v/»m
v -(6G00°K bolometric). Some units could track 5 x 10"12 w/cm .

d
e

6.2 Ybas, 6.5 watts.

4. Absolgte null stability .1° Berﬂrnll, LJAES 3;~ hisée:'
5. Roll scale factor 4 v/deg{:lg% 5ver all radiant inputs above.
6. Hinge scaie factor 4 v/degree. |
7. 'Aéqui;;tibn signal +7 volts 1 1 volt.
8. Ligﬁt Sldx readout zero‘zo -3 volts d. c.
9. lens 7 o ¢emenx f 1.2 2" focal 1ength. ' : C .
3.3'-Senso;s de§el5ned to the workipg prototype stage. |
. a. ﬁarfner 4 Forizon Scanner (See pages 27, 31-33, 39),'
1. Works on «° to 7C¢° diameter planets,
<. Was an "qﬁthouse“ deve}opment.

4. Operates in 10 micron region using bolometer detector,

L. Four leaf rusette scan pattern 'with .5 x .5° instantaneous
field ol view.
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e |
"Effective aperature 1.2 {3 actual) for 23U°F cnergy.

C6. 450°P is approx1maLely & times "clipring level,
?{‘ Time constant.of bolono .er and pre-amp is one millisecond.
Ei Time for one'complete rosette -is 560 mili%seconds.
G. gO transistors, 10 geérs. Z motors, 10 watts, 11 pounds.
Kep ,No‘#é °4¢‘va ent tamperature @ 2I0°F = 'K << i.é., Q.4°F
is egaal to the M5 nnise level at the pre-amp output

(negiecting scan meduiation). 7This is within a factor of
"3 ~f calculated best 3/\. ' -

vt. %" 3un-lermor (See phpges 1, 11, 3, 39).

Increased nuil steb: ity iy sun sensors without moving parts
18 possible oy incorpnrating an nccul'ing technique. An imaging
sensor of this.type has been fabricaten and tested.

¢. Mariner C Tanopus Tracker (3ee pages 52, 53, 4, 55).

Utilizing an all ciectreatatis imaaed1snector tube the Ma iner C
Canopus tracker will yleld errcr information ‘or vehicle roll
angular attitude contrcl. Five 'cone angle pusitions are set
during the nission by electronic means. No moving parts are
required other than a possitle sun shutter. PFPreliminary wezght,
power estimates are ° pounds, <.5 watts. Accuracy requirement
is .5% 3o0- . : ‘

'

d. Mariner £ Square Root 3un Sensor.

In order to sliminate the necessity for gyros on initial sun ac-
~quisition a sun sensor system with a large "linear" range “has ‘been -
developed. Rate information is obtained by "looking at" the rate
of change.of po-xtion etror signa]

‘e, Mariner ¢ Earth Gate.

Simple photocoﬂduct've detector oriented ln the earth directien
used-as an additional bit of . information to verxfylng roll
ACquiq'b‘on :

Y. A v‘b"at‘ng mirror Canopus tracker to back.up the primary Canopus

tracker development just in case unforseen problems developed in.
the all electronic version, Total cost of parts and irn house labor
uus BSK.,
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'-psf LPHQ ([unar and Pl anetary Horizon ~cannar) (See pagea 1-4).

. : ' .

"jTh*s devetrpment has been iet or a low level to’ Rarn-e Eng*neerlng.:'
Tnitial progrras has been extrerely encouray ng to date.; .This"

fJu Q_55uﬂ'auou‘d ultlna ely result in a very long Ilife no moving part hor'zon

- scanner with a larpe ¢1n\m1c range 2f o1an~t ang;e (;O‘al&)')
See attaghed uPHS RPP Specxficat‘cn\. .

- . N

ﬁwjvi‘?b:vIPhotoconduc ive (v‘axb;e) P)anu Jensor.

e A . LY

»To bexused.ultima ely as a rep‘agvment Jor the Ranaer earth sensor
“and . for directing science toward the dastlnation planet at a ldrpe
1nitia"rarge (say where.the planet. subtents 5°) ho moving

partq should be requzfed L o o ¢

S

'.fc;‘ handor star angular rate and position *nd cator. i
CiThis. is dxrented for bacrup or p0351b e total etlmﬁnatioh'of.gy:os -
- on s'a~e;ra1r : e

,' uTT’Steradian oun Sensor (See pdges ¥P-50)
i1. pruvide the sun dnrect.on in qoawecraft COOPdlqaueB &o an
'daCU"&C) 6f '~ 6° over L 7t steradians. Very simple device with
np moviny parts utilizing siiicon sslar cell dﬂtectors S

€. Mariner B Canopus Tr&:ker (aec-pdkes 5, 53055)n
Wiil esaent‘alAy te tne same as the Mariner { devxce excep. that
greater nuli stabllity is requtred

. Appro&¢h Planet Scanner (See page L6).

To be used to determine approach guidance correctiona cn the
destiration planet.. No hardware - analyses and drauings have
been partiaily ,ompleted ' : :

E.C_,Special test eduipment.

] ' . e Ll

a. Chilao iest site (Sée page 10) for sun and star tracking.

b. th«moon -siar simulator (See pages 56 i1, LL) for pr-cise lab
performanfe tests.

c. IR planet simulators (iee pages 32, 33, 51) for long wavelength
scanner development and testing.

‘o
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Sun gimulator (Lee pages SO, 1T, 1y, 23, Uy, 37, 47, 6.-65).

Presentiy comes cinse to delivering a uniform, 3.:' diameter
. .

sun at ore solar constant,

Absolute spectroradiometer. This device is used to determine
the absolute fiux output of a simulator or source v/a wave- -

“Jength.

6.0 Cther development projects. v ."

- a. 'Electrostatic image dissector (See pages S., S4).

L
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Attachment A to

Request for Proposal 2960

GENERAL SPECIFICATION

Lunar and Planetary Hovizon Scanner .

18 Septemher 1962

t
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) L G. W. Meisenholder
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"~ detectable angular chauge.)

: - , “ .'.':l .
J . . GENERAL SPECIFICATION . '
.+ " . Lunar and’ Planetary Horlzon Scanner PR : o
,l;”ﬁSCéPE.; : : S
1,}:'Sndge' This Generdl SpeCLt:cation covers ahticipdted rebuﬁrementsu
' “ Yor a Lunart and Planetary Horfzon Scanner prototype, hercinafter
reterred to as LPHS, that would be usetul for Lunar orbiters as
.uell us other pissions, lncludink anager terminal guidance and
ori.iters .o’ Mars and Venus. | ' :
IS IV Description. Thc.LPHS provides:
a. “Lwo -axié local vertical p031tion exrror signals dnd apparent .
: angular diameter informatiou to be used tor range purposes
sainst the following celestial objects' in the order of their
relative priority: (1) Moon, (2) Mars, (3) Venus, and (4)
Earth. : . o
- '
2. APPLICAFLE DOCUMENTS,
2.1 N. 'PL Specifications are included in tiis General Spectfication. _
3.- REQUIREMENTS. - : o '
3. Accuracy and dynamic rafge. The accuracy and dynamic range !
requivements are shown in Fiuure 1. ‘ '
.‘Fii',ur(‘ 1 '
Accuracy Requirements Vs. Ranpd irom Surtace
]
M iSTetance T TTT T o T ! AT
“absolute'* .39 12,59 .30 32.->' 390 12,50 .3° 32.30' 3° 20 / -~
Lostability 4. J N I | e e e "
'~ ‘Tolerance, _ ‘ I : r-
“ahsolute" 30% | 10%] 3% | 107§ 2% 10%4} 1% i 10%] 1% | 10%
-,«pdxcnt diameter 1 . % L ..l [ . * oo 4 Moon or
Ra:iyge f'om Planet 't | _ Planet '
S‘.rxa(. R Plan«.t ' : R . :
PSS 50 &.5 8.1 7.9 4.1 3,9 2.1 1.9 .1 .02 0
4 | .
[ | I s P [
Appe:ont Diam. 2.2° 12.5° 22¢ 40,50 1209 132¢ .,1.800
" (Approximate) S U
OQptivnal Region , Roquxxed Region
for future growth
potential -

*ALsolite nuli stability is the maximum aliowable in tlight angular deviation
between ”thc instrument" electrical null pusition and its exterual mechanical
‘reference ' surfaces. - (In contrast with resolution which is the mitimum

. -1-
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3.2

,.Time constaht Twm sc;oud quimnm l sccnnd deﬁirbd'td'k'l
Lonpli r<quirement step function change {n angular positlon from nuil.
"T‘me constant reters to’ xeqponsc within Lhc lindar rﬂnge region only.

Optional accuracy. The upLanal ULCUIGC] undcr influencc of a

dxsuuxiinb radxant source

a. 11 a !oreihn radiart source {s within 10°.of the planet limb
“heiny tracked (See Fijure 2,) the accuracy requirements of

Fipure 1 may be relaxed te 2.5° null stability and 10% range

' ”ALCuracy. The' ConLraCtox must fndicate in his proposal under

- what situat lons he fecls it will be necessary for his proposed
device to use this option. 1In flight, the device must yield an

. alarm output of 7 volts + 10% (intv a SOK resistive . load) when
- the optional accuracy dpplxes. :

+

Eigure 2

' Forelgn Radinnt Soutce Disturbance Genmetty

. Fu,rle'ig.‘x,()hiec‘t--\:/_-\ - i “\ B 10°
' ' o ' h “‘ ' " ; K ' . 'A ) ' - N
A B ) o . / . v

o S Y2 \ . o ,. .
S , ‘ S ' - ~Des{red Obtject -

, L '7'4 o . L . o ,f//’/' S - e
o oV | ’ ! . -
..\‘ !
Moo
, ' N C

' . . .
W . . R . ,

"A;Abqliéxtion‘laﬁge. The LPHS shall deltver properl. ph&§ed ervor’
.]sikvals or ,search” 1051( signals 'when the near planet’ 1{mb {s within .-

"of the LPHS meL‘avical null 1iﬁe of sight - A 1arger acquisition
tleld of.‘tew is desitablé 15, pOBSible. . , ‘ S PR

Vo
'

1
+

129 4+ Yo

‘

‘uﬂpror sipgn al output., Thé two axis output error sihnals shall he ‘ _
a"alob -6 volt per degree (+ 10%) wich.an output impedance of 3000 ohmb.

,ffznbar range ig described by Figure 3. Note that the dead land ma:

~e¢ a funcrion of the'. accuracy‘réquirement ‘if necessary.
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3.7

3.8

Figure 3

' Output Error Characteristic ' S

.Eo t

< .6 Volt/degree + 10%

%

/F'

Apparent diameter output.

analog or digitdl,
- Contractor.

|
oty

K“——*—\-— :

pas _ 

\\\\ © 0 N=1.2° Minimum

S £[30" null stability requirement -.33

. The apparent diameter output may be
linear ot nonlinear, and is left up to the
The appayent diameter output must be single valued

when the planet is within 1.2° 4+ 30~ null requirement of .its

Available powcr.

the LPHS:

_external alignnent reterence milil pUSlLLuu.

The following power will he available to

2400 cycle square wave 104 volt peak- to-peak @ 5% Lolerance on
the: RMS value) .

' w{J\'

D.C. battery power 28,V

Prototrype definition.

xycle single phase 2¢ v RMS

+ouv
-I‘A

The LPHS prototype developed under thls

Coucract need not be the flight conriguration.

‘a,

b.

An optical breadboard

portxon of - the prototype.

Ar, electrnnic ‘readboard,

i not specified, {s

‘visualized

neatly packaged, the volume of which
should be approximately the same as the expected {light hardware,
‘is visualized as the mechanical conf1gurat1on of the optical

neatly packaged, the volume of which

as a satisfactory conllguration ’

v for the electronics portion of thils prototvype.

:Thg elcctronxc and aptical bxeadboards, when properl) 1wterconnected

m.st meet the other accuracy specifications of this General

'Specxfxcatxon."




ANTICIPATED SPECIFICATIONS FOR THE FOLLOW-ON FLIGHT UNITS.

4.1 The anticipated specifications tor 'the follow-on flight units R '.fpf fﬁlxi
include the following requiremeutst . . L S B

) lf'_o '

':éu Specifitation'NO. 30258, Environmental Specification Hariner B .
‘ ' . , : Flight Equipment ' : B
b, Specification No. 20061A, JPL Preferred Parts List
d.'ASPecifiéation No. 30237, JPL Component Screening Sﬁeciflclcioﬁ‘
d. Continuous unattended operation in flight of three (3) years
. mean time to failure. _
. S . . . XA
e. It is desiraple, although not mandatory, that the follow-on

{light hardwate be capable of withstanding heat sterilization
of 145°C for twenty-four (2&) hours non-operating.
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W POSITION - OUTPUT | .
- . a."METHOO OF QPERATION, o
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E= .

S0 .. RESISTANCE, OF
A “DETECTORS —

b ELECTRICAL
CIRCUIT

+

~ Fig. 1. Sun sensor

' CADMIUM" SELENIDE © - .

DETECTORS -
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ARRANGEMENT.
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- Fig. 4. Sun sensor eléctrical circuits
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30-deg FIELD
OF VIEW

PHOTOMULTIPILIER
- TUBE

CATHODE EXPOSURE ————r"

MIXING .
f—— 4+5-C

A+ 8+C

' ¢. ELECTRICAL CIRCUIT

OF PHOTOMULTIPLIER | b END VIEW.

LEFT - RIGHT
ERROR SIGNAL

L ey [2Ya !
s UP- AN

(%454 ]

ERROR SIGNAL

s GAIN CONTROL
VOLTAGE

3 o : Fig. 5. Earth sensor - :

Fig. 6. Photograph of Earth sensor
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As »h-p‘('arted in. previous $PS, the, Rapger attitude..con-
trol utilizes a sun-earth reference svstem with dnv.pitro-*

gen jets operating in-an on-off manner -as. the actuation -
. N R ) D . . K L

method. The sun is the primary reference toward which

.. the "axis of symmetry. {roll axis) of the 'spacrcmft is

dirccted in response to. signals from an. array of phota-

. cunductive cells. The carth reference is acquired using a
2:axis optical sensor mechanized .aroind _three photo-
multiplier tubes. This sensor is mounted to and moves. .
with the high-gain antenna hinge motion {about pitch
axis) and is ‘directed toward the earth by the hinge’

m()tigirl' and by rolling the spacecraft. The carth sensor
thus controls the roll attitude of the spacecraft and the
hinge angle of the antenna to keep the antenna pointed

“toward the earth.

a. Sun sensor. The Ranger sum sensors are optical

. . - l .
devices which use a shadow technique on a photocon-
‘ductive detector. The detectors are CdSe cells made by

Clairex Corporation. The primary units (Fig 13} m

on the frame of the spacccraft and nominally point at
the sun’ during the flight limit cvcle operation. The sec-
‘ondary units (Fig 15) are used to complete a spherical
field of view requirement and mount on the underside
of the solar panel tips. They function only during acquisi-
tion of the sun. . o o -

vivd

e

]

Sk

Figure 15. Sun sensors
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" These detectors are connected in a bridge circuit

_(Fig 16). The output signal is a voltage developed across

the 50K resistive load. In the spacecraft this load will
be the input impedance of a summing amplifier. The
sensor positive and negative supplies will be zener reg-

‘ulated to 16 volts from the spacecraft 28-volt supplies.

An analysis of the circuit leads to the following equa-

.Gon for the primary sun sensor volhge output

E(R, — R.[
R, + R, + R,R,
RL

E, =

‘ where R, and R, are the mrsﬁmce values of primary
. detectors (Fig 16) A and F. 1

.Due to the shadownng method on the setmconductor

v.-the resistances of ‘the cell as a function of angle from
‘ 'n-ll are-very closely approximated by

Ry, = Ae=toe
where Ad is the angular deviation ‘of sensor from null in

. degrees.

The sign on the. exponential is opposlte for two opposed

‘ _detectors.. Although ‘the constants A and b vary with the

particular cell chosen, paired detectors with’ these con-.
- stants approximately equal have been obtained through.
. - . amatching process. The nominal values are A = 6K ohms
s and b= 0.962 deg'. Using these forms for R, and R,, the
B voltage output as a funcuon of angle from null becomu .

2E sinh (649)

2 cosh (b39) ‘e 4

l.

E, =

To better understand the effect of each environmental
condition on sun sensor performance, accurate before
and after data was taken. Approximately a 0.03-degree ‘

‘null shift was observed upon subjecting a primary pair to
‘the type approval vibration environment. This informa-

tion implies that the effects of vibration were quite small
since the day to day null stabthty has typically been about
0.02 degree. Null shift induced by temperature stabiliza-

tion of a primary pair was 0.08 degree.

Tests have been performed which. indicate that null
shifts due to changes in intensity are not serious. A 33%
decrease in intensity caused only a 0.02-degree null shift.
Since this function is apparently continuous, there is
strong support for the assumption that performance of
the sun sensor will be virtually unchanged by removing
it from the earth’s atmosphere. .

A best estimate of sun sensor null stability for RA-1 .
and RA-2 missions is shown in Table 2. These calcula-
tions indicate that the sun sensor has a good probability |
of meeting the original design goal of 0.25 degree 1o,
. The RA-3 sun sensor has been designed to improve null .
stability by a factor of two. Projecting RA-1 figures' into

‘the RA-3 configuration' yields ah estimate of 0 104 degree

1o (1.82 milliradians) for this version.

The secondary sun sensors are mounted on the sdlar .
panels and may undergo a significant thermal shock
between injection and sun acquisition due to removal of
the hot shroud. Unpotted detectors in their housings were.
subjected to a thermal shock of - 18°F/mm from 250 to
—100°F with no damage or change in characteristics.

* However, in potted units which underwent the same test

the glass detector enclosure cracked. After experimenta-
tion it was decided that Stycast 2741, a variable hardness B

potting compound, would be acceptable. Detectors potted .
f v s . . . R

Table 2. ‘Estimate of sun sensor, null stability

MY

Pcnllnohr deg
Douly rcndo- vonohom . g B o 0.92
Asymmelrical hnnmluro ol 20’C luuunod lo) ' 'Q:lb :
a Ifcmpmmn (yck due to "Qniucno,n 2 . 0}0 .
i1 Yﬂnpmiun :ych du o En,«looa ) 0.05 o
e lnhm-'y chcnq. 0.0;3
1 Viwration (upall) .
Mechanicel c'l-‘gnanm L 0 03
Powar dissipotion _ S CR YV
 Totol ’ . 0207
. {3.61 mrod)

[ Nl shife 1109




- ,' with this compound survived the required thermal test.

A complete evaluation of the sun sensor system under
the type approval environment is currently under way.

There are many difficulties inherent in the problem of
simulating an extremely bright, collimated light source.
Therefore, most of the sun sensor testing has been done
with the sun as the source. A temporary test site has been

sun bundle at a-constant position. This byndle is directed
through a tube into a trailer to a Leitz optical dividing

head which rests on a stable tripod. The system includes .
"a bore sighting telescope and motors to drive the coelo-

stat mirrors. The overall accuracy of the pointing system
is better than 10 seconds of arc. The sensors are tested
by mounting them on the dividing head and positioning
to known angles while monitoring the' outputs.

A technique for increasing the null stability of a dc

sun sensor system is use of partial sun occulting. This
- . can be simply implemented in a two axis sensor by the
" . following means. The shape of the four quadrant de-.

tector is shown in Figure 18 for purposes of illustration
only. The actual shape will vary dpnmdmv on the desired

~ input-output characteristic.. The amount of sun image

spllLover in conjunction. with detector stability deter-
mines basic electrical null’ stability of the device. A

"mathematical example of how the occultmg technique
‘|mproves null stability is as, follows

x+y=85-C. (n-

y=8S-C-«x e (2)
assuming linear detector input-output characteristics. The

. control system will work to balance outpnt of Aand B
. detectors

IS " !"

'* - ":-;‘tanf ﬂ;’;:‘

Figure 17. Chilao test site

" .. constructed at Chilao, California (Fig 17). The facility
. uses a two mirror coelostat system to provide a collimated

SUN IMAGE AT NULL

’/
DEAD ZONE
e (OCCULTING )
Figure 18. Four queamnf detector
E,(A) = E,(B) - )
from servo loop action. L
E(A)=KY=K(S-C-x) . (4
where K's are relative detector gains.
E@=Kx ()
S Kx=K(S-C-x) (6)
K,
x= [K. T K ] ($-0)
Note thatif x =S — C/2 the null shift = 0.
. K,
Null shift = [ TR ] s-¢ ()

This exer&x shows that null shifts can be held to a

minimum by decreasing the amount of spillover and

matching detector characteristics with temperature, etc.

For ‘purposes of illustration (Fig 19), if the spillover

S — C/2 is 3 minutes of arc and detector B has a gain

decrease from 1 to 0.5 the null position will shift 1 minute -

of aro. This is within the 1-minute design goal even with
the large detector gain changes noted. A sun sensor
employing this principle has been fabricated (Fig 20)
and is being tested now.

b. Earth sensor. Earth sensor ophcal mechamzahon is

much the same as the sun sensor in that a variable aper-

_ture (shadowing) technique is used. The detectors in this
‘case are three %-inch diameter enq-on photomultiplier

B I - SUN IMAGE

[ Je— oevecrors

e SPILLOVER = S

DETECTOR &

OCCULTING DISK

. Figure 19. Two 'qﬁé_dn.nl Mﬂu

.

. PR R Lo




Figure 20. Test sun u,m‘or'

two axis error signals. '
This sensor has field of view requirements of +30

degrees in hinge (antenna direction) and +20 degrees in .

roll. Linear range extends only +2.5 degrees on either

. axis from.null.at which points the output error signals

saturate and remgain saturated to the field of view limits.

A typical plot around a null is shown in Figure 21. If the
‘earth moves away from null on a line not along either -

axis, the performance becomes truly two dimensional.
Note from Figure 22 that as the earth moves in the posi-

tive 6 roll direction the hinge error signal weakens because -

less of the cathodes of A and B photomultipliers is
exposed. For motion in ¢ hinge direction, however, the
gain on the roll axis remains essentially constant. In
reality neither of these conditions will be precisely true
due to variations .in sensitivity over the photomultiplier
cathode surfaces. The actual experimental situation is
illustrated- in Figure 23. The coordinate axes are roll

" and hinge d¢ error signals. The vertical lines are lines

of constant hinge angle 8, and the horizontal ones are
constant roll angle ;. The nonsymmetry of the actual
two axis output plot cannot be entirely justified by varia-

“tions in cathode sensitivity and remains unexplamed at

this, time.
Electrically the earth sensor uses photomultiplier tubes
excited with a 150-volt ripple on 1200 volts dc. The light

" inputs to the photomultiplier tubes are then used to
amplitude modulate this 400-cycle ac signal at the photo-
‘cathode. This modulated signal is amplified in the tubes

by the dynode multiplier section and also by 400-cycle

' bandpass preamplifiers which follow each tube. The out-

puts of the preamplifiers are then mixed in a transformer
bank to obtain the roll and hinge error output signals.

i

~ tubes arranged so that their outputs can be resolved into

-
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Figure 21. Earth sensor roll axis characteristics
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o Also obtained from this mixing section is an acquisition

signal equal to- thé total output of the photomultipliers,
A +.B + C. This is used to automatically adjust the sys-

"tem gain for various earth intensities. *This acquisition
- signal is subtracted from a 400-cycle reference signal and

the difference is used to drive a_power amplifier which

* supplies the excitation to the photomultiplier tubes. Thus

a loop is established around the tubes which controls the
sum of their outputs to be a constant independent of
earth intensity. The complete schematic is shown in

» Figure 24. thstcally the earth sensor is as shown in.

Figure 25.
The environmental evaluation of the earth sensor is

‘not completed at this time. However, a flight unit has

successfully passed the RA-1 flight acceptance vibration
and vacuum environments. The earth sensor is, gold

"plated and thermally insulated from the antenna yoke
'to maintain control over. the operating temperature. This

control, will be accomplished primarily by controlling ..

" the outer surface emissivity through black stripping. -
Testing on the earth sensor mmponen(s is done before . .

assembly of the complete earth sensor. The pholomultl—
plier tube characteristics as a function of voltage exeita-. -

.- tion and light intensity are measured. Gain adjustments

- are made through resistor changes in the dynode string. -

" Then sets of three malchcd tubes are selected. The pre-
‘amplifiers and power amplifier are bench checked after - -

fabrication. The' completely assembled unit is function-

- ally tested to confirm the data shown in Figure 23. This .
~ functional testing is done by mounting the earth sensor:

on a T-2 theodolite for angle positioning. It is then - |

placed in front of a simulated earth. A photograph of '

" this setup is shown in Figure 26. The output.of the
~ earth sensor is demodulated ‘as in the spacecraft and the . .
hmge and roll error signals are monitored with dc volt- .
_ . meters, Vanatlon in earth sensor performance with inten- . - -
1~ sity change can also be obtained by varying the intensity
" "of ‘the simulated earth. Some results of such tests are . an

. shown in Flgure 21. For temperature tests (Fig: 27) a

‘ ‘device has been made which remote. controls the theodo-

-~ lite from outside a temperature chamber. Thus with the -

simulator and theodolite controls outside the oven, but

" the earth sensor mounted on the theodolite inside, it is

possible to run all of the prev:ous tests at controlled_" '

: ’temperatures

Test numbers (Table 3) are possxbly pessimistic since
all tests at this time have been done on: prototype units.
The analysis also makes the assumption that all disturb--

_ances: will be present dunng ﬂnght which is probably

not true.
" ¢. Jet valoes. Ten miniature )et valves are employed on
the Ranger spacecraft to control amtude Four valves

- each are used to control the yaw and roll axes providing

pure couples, and the remaining two. valves control the

. pitch axfs. On Ranger RA-3 the center of mass is expected
~to shift significantly along the roll axis. Therefore, utili-

zation of a pure couple for roll control permits the roll
valve positions to be frozen for all spacecraft.

The axis of each valve is oriented to prevent gas from
impinging onto. structure during valve 'actuations. Inves-
tigations have shown conclusively that the. bias or cou-
pling effects of impinging g,u are significant. This .

t
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mﬂuence established the requirement that the yaw control
valves be moved from their earlier position on the pitch
' “axis\to.a position giving a clear field of view (i.e., the
) ,tsolar panel actuator -arm was "obstructing one of the
L valves on the pitch axis). This off axis condition gave rise

' ‘ to the‘ requirement for two addmonal valves in con- .
trollmg yaw, thus prondmg pure. couple control. The -

- pitch control valves have been ‘oriented with their axes
.25 degrees away from the roll axis to prevent gas from
lmpmgmg on the forward structure of the spacecraft.
Development of the jet valvé manufactured by Whit-
taker Controls has been slow. The design objective of
1 cc/hr maximum external leakage as measured by a
‘mass spectrometer has been difficult to achieve with the
“valve having' ‘all ‘metal seals. Almost perfect spherical
confonmty and concurrence between the ball poppet

'

. . N -
P S < . ’ R A D A e
PR, A . . N .
[ 0 N o ‘
.
;
;

Figure 24. Earth sensor schematic

and seat are essential to minimiié'leakage. Greater qual-

. ity control and new techniques of manufacturing have .-

enabled the manufacturer recently to ship valves which
“ meet the leakage requirements before and after 50000 "
cycles of actuation. .
Figure 28 illustrates ten valves set up in-a test block‘
undergoing cycling tests. The valves shown have com-
- pleted the Ranger type approval environmental require- '

" ments without evidence of mechapical weakness.

-d. Pressure regulators. The attitude control pressure

. regulator reduces the source pressure, carried by a pres-

sure vessel, of nominally 3000 psi down to 15 psig for
‘us€ by the jet valves.

‘Fwo radically different regulators are undergoing qual-
ification for the Ranger spacecraft. The Sterer Engineering
regt_xlator, shown in Figure 29a, has passed all environ-

N ' . : o R
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" A. Celestial Simulator Facilifies

The celeshal slmulatnr faulltv will be uscd for many
" experiments relating-to space exploration. It will provide

" this Laboratery with the capability of functfonally test-

©.in 2750 by .60-foot Butler ‘building. Inside this ‘building -
. there will be a 42 foot dmmctcr dome 26 fect high at the.
. "center. .

ing spau-craft attitude contml and space naug.lhon SVs-

* tems, a facility for sensor dewlopment and a useful tool
" for basic research.

The celestial sxmul.mon fduhtv (Fig 41).\\'1" be housed

" Internal conslrm fion. ln order to minimize hgbt dcﬂec-

“tion the mtenor of the- hemlsphencal dome is to be- lined

with .a special black honeycomb panel constructed’ of . .
. black paper. The ‘cells are about *: inch across the flats

“and 4 inches deep. The first or outer inch of the honey:

*.comb is painted glos:v black, the hottom 3. mches are flat -
"“black. The open black ccll u-prcwnts 977 of the exposed .
‘ “f-“al] area. ‘Some lu.,ht is, roﬂvcted frnm the. rcmammg

o cloth and backed up structurally’ by being cemcntcd to
T mch !hlck plvwood shec!s Thn matenal is, in_4- bv

¢ which iy the edge area. F\p('rnm-nt.ll activity is under-

y wa) in cffort to reduce this residual reflection invan effort
i to get, nedrer to foo% ahsmptmn of lmpmg,mg hght '

The hnne\mmh pancls are- mou'ntcd on’ black coﬁin
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o
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=
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8-foot sections.’ Other- types of light absbrbing materials

were tested singly-and in combination. None could match
the effectiveness of the honevcomb structure. L
The corners of the building will house, respectiv el) a
control room, a laboratory, an obscrvahon room, and a,
. room‘housing air conditioning equipment. Inside the room

* will be two ladder type structures that will provide a

means by which a light system simulating a planet or a

© star can be located at any desired radial position about

the spacecraft simulator. The support is a fabricated steel -
half arch 20 feet in radius. It is attached by wheels to a
40-foot diameter track on the floor and a 3'~foot diam-
“eter track dlrcctly above the spacecraft simulator. The -
support is 20 inches wide with wheel tracks on each side.
A movable 20-in.: ‘plate is mounted to the support by a
system of whcels fitted into.the side tracks. The 20-in.’ .
~ plate to which light sources can be moun!ed is ‘controlled
by a system of pulleys and cables. It can be positioned at
any point along the support hy -a hand winch and can”
be locked in place. The entire structure.is painted hlth .
_black camouflage to minimize - light reflection. ' C
Two of the supports are available in the celestial simu-
“lator laboratory which permits simultancous simulation of °
‘two star fields or plancts of different ‘intensity .and dif-
ferent locations in the hemisphere. The two support struc-
tures will be centered about the spherical air bearmg that
sllpports Qhe Spacectaf( snmulamr C e
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Figure 41, Celestial simulator laborcfory

The spacecraft simulator previously described in
SPS 374 will be mounted on an isolated concrete slab on
the floor in the center of the dome. It has been undergoing
testing and minor modifications in preparation for testing

"'the Ranger RA-1 attitude control system.,

Balance system. The automatic servo balance system

. has been breadboarded and tested (Fig 42). Aftér coarse

manual balancing, it is possible to.fine balance the plat-
form to less than 5 cm-gm in all three axes in the hori-
zontal and vertical positions in less than 5 minutes. This
operation requires two men working 2 to 3 hours if done
manually. An improved version of the servo balance sys-
tem has béen built using gyros of higher accuracy and

" increased’ sensitivity. The electronic packaging has been

improved and it should now be possible to obtain a finer
balince than was accomplished with the breadboard
system. Figure 43 displays the electronics package for

. the gyros and the servo amplifiers. Figure 44 shows the
~ motor driven lead screw that positions the balance weight.

One motor-lead screw-welght assembly is required for
each axis.

The power supply which consists of the two battery
packs; static inverter, and transformer-rectifier-flter pack-
age; the six-channel command receiver and the telemeter-
ing transmitter; ‘and the servo balance system is con-

sidered as a permanent part of the simulator which is to ¢

be used ‘as a laboratorv test facnhty The ﬁrst control

/7

system under test will be  the Ranger attitude - control
system. Figure 45 shows the cold gas actuator system
that has béen designed to represent flight type Ranger

_hardware. The micro-jet actuators are designed to oper-

ate in atmosphere at a regulated pressure of 50 psi pro-
viding a thrust of 3 to 3.5 grams depending upon the axis.
These low thrust forces produce angular acceleration of
the simulator of 2 X 10-* rad/sec.? The tanks have their
volumes matched. to 0.07% and are symmetrically placed
about the center of rotation of the platform to eliminate
mass unbalance as the tanks depressurize.

Sensors. The sensors to be used on the simulator will be
essentially the same as used on the Ranger spacecraft.
Four primary sun sensors will be mounted on the top of
the simulator for the pitch and yaw axis. There will be
no antenna drive aboard the simulator; therefore, the
earth sensor will be body fixed te the simulator and will
provide signals for control of the roll axis. Flight type
low-damped Minneapolis-Honeywell ‘gyros will be used
as sensors during the early ‘phases of sun and earth -
acquisition. :

Air bearing. As tests were performed on the spacecraft
simulator it became evident that some ieans of holding’
the simulator fixed and then releasing it without impart-
ing any disturbing torques would be required. The spher-
ical air bearing of the simulator pedestal permits the .
nylon ring to be raised to.contact the sphere and provide °

.
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. Figure 42. Avtomatic balance system .

Figure 45. Cold gas actuator system

PP  a friction’ brake while the simulator is floaling on its air
bearing. The ring can also be moved away from the
sphere to reléase the simulator. . ‘
Another problem encountered during test was the pres-
cnee of forque setup i the gas bearing. 1t is felt that
this torque is due to an ansymmetrical gas How between
sphere and pad. 1 the top plane of the pad is not level or
if the surface of the sphere or pad s not tealy spherical.
the sphere can move off the center of the pad and pernnt

. : ' ' mneven flow of gas around the sphere. thereby ereating

Figure 43. Balance electronics - bearing torque. To correet for this, reterence fevels are
. ' v
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‘ " .. ing of the pad. A multiple orifice pad has been designed

bemg mstalled ‘on the pedestal to penmt accurate level-

; which will provnde a bearing wnth mcreased lateral
stlffness ;

Hehostat Extendmg vertically downward from over-
head will be a 24-inch diameter sun beam bundle. This

: _‘ will be pravided: either by a. heliostat ' reflecting the real

S

" sun‘or by an artificial sun source. The heliostat is com- -
; posed of two 36-inch diameter mirrors (Fig 46). One of
. the mirrors is fixed with 'respect to the building. It is -

.mounted. 5o that its face makes an-angle of 45 degrees

""" with the local vertical. The other mirror is mov able wnth

1. two degrees of freedom:.

* An analysis of the.heliostat was made to determine the
motions required of the imovable mirror. The movable

" mirror is ‘mounted so that it can rotate about either of

CUFiXED:
" MIRROR /& N

two'axes. One axis of rotation is parallel to the earth’s

. axis and will be called the hour. axis. The other axis of

rotation is perpendicular to and moves with the hour axis.”
. This second axis is called the declination axis. ‘

.- "Let the center of a coordmate system be chosen at the.
center of the movable mrirror, Let a right-handed mutuaily
. .orthogonal system of axes be designated by i, § and k..

 The i, j, ik system is ﬁxed wnth respect to the earth. The
umt vector i pomts in‘an- easterly du'echon the unit

D
‘.

vector 7 points in a northerly direction, and the unit vec-
tor k lies along the local vertical. Let ¢ denote the latitude
angle of the position of the heliostat on the earth. Desig-
nate another right-handed mutually odhogonal system
of axes by 1,, 15, and 7,. The unit vector 7. lies in the il k
plane at the angle ¢ with the f axis (Fig 47). The 7., 7,, 7,
system rotates about 7, such that the sun always lies in - .
the 7, 7, plane. It is assumed here that the radius of the
earth can be neglected This rotation nullifies the earth’s

rotation.. In the noontime position the unit vectors j, k,

12, 75, and the sun lie in the satme plane. The rotation from

the noontime position is denoted by 6. Let the ray from == . -

the sun which strikes the center of the ‘movable mirror -
be represented by the unit vector §., The vector S will lie .

~ in the 7, 7y plane at all times. Let a be the angle between

¥,.and S. Hence

* - PEY

S=sinar, +cosar,

The reﬂected ray from the center of the movable mirror

must lie in the —j direction .in order to intercept the
center of the fixed | mirror. The reference axes have been
chosen such that 7, coincides with !he !\au' axis of the .

_movable mirror.

. The perpendxcular to the face of the movable mirror - |
must, alw,ays bnsect the angle between —i and S. Lemng N

I

1

! ‘ -. 1
; R e ¢ ., CEWING
A' pore v .\

b s , Figun'“.' Heliostat

.t
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Figure 47. ﬁoliosh' r.oordinah system

the vector P lie in the dnrechon of the perpend:cular to
© the mirror - _
' P=-5+F%
' By expressmg Sinthed,j, k: system P is found to be

P = —cosasiibi + [-1+ sinacos ¢ — cos Bsingpcosalj
' \ +[sinasin¢'+cosﬂcos¢cosa]b

Let the duectlon of the declination axis be given by DA.
Since DA is perpendxcular to both r, and P it follows ‘that

- DA=nxP

- By expressing. P in the 7;; 17, 72 system. the above cross
.‘ product gives :

DA = [cosﬂsm¢+a] rn+[- smasmd»]r,

The rotation, 2, of the mirror about the hour axis is

—sin Gsin¢

' =~0+tan'
K cos€sm¢+cosa

.y
Dxﬂerenhatmg 7 wnth respect to time to obtain the angu-
- lar :velocx_ty of ;he mirror abput the hour axis ‘

— TR ——

dr dt

Sl _aef sin® ¢ 4 cos fsinpcosa
L sin?¢ + 2cosOsm¢cos«+cos*

‘ Plots of » n and dq/dt as functions of 4 are shown in Fig-
ures 48 and 49. For convenience a time scale is also given

_ where the noontn;ne posmon is laken to be the instant
at whncb 0 0 v : '
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Figure 48. Rotation about hour axis
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- Figure 49. Rate cbow hour axis

Assuming the system is to be in operahon from 8: oo am

© t0 4:00 pm, during any 1-year period the maximum mirror

speed necessary about the hour axis is 10.23 deg/hr and
the minimum speed is 9.34 .deg/hr.’ Herice, the mean
speed is 9.78 deg/hr and the maxlmum variation from
this speed is 4.5%. " ) _

The motion of the mirror., about the declmahon axis
must also be determined. A unit vector p in the P direc:,
tion expressed in the T T2 Ty system is,

p=V2(1 —sinacos ¢ + cosfsinpcosa)t [sm!sm¢r,
+ (sina —cos $) 7, + (cos 0 sin ¢ + cos a) n) -

Let the angle between 7, and 7 be denoted by 3. This is

“indicated in Figure 50 where the system is shown in the
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' Figure 50. Definition of 8

noonhme posmon The coefficient of r, in the g vecto
-is the direction cosine. Hence

-

sma-cos¢ ,
YV 2(1 — sinacos¢ + cos 6 sin ¢ cos a)t

8 = cos!
The angular velocity of the mirror about the deciination
. axis is found by differentiating 3 with respect to time.
45 _ 1 " (sin a — cos ¢) (sin @ sin $ cos a)
. dr .jv“i{(l—'sinacos¢+cm0.sin¢c05a)

— 1 _ - 40
[1 —sinacos¢ +xosdsindcosa —0.5(sina — cos¢)']%} 4t

. Plots of 8 and d8/d¢ as functions of 6 and time are shown
‘in Flgures 51 and 52.
« It has been decided to use a servo system to drive the
movable mirror (Fig 53). A sensor (error detector) placed
below the fixed mirror gives a signal which is proportional
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Figure 51. Dodinéﬂon angle,

to the angle between the reflected light beam and a ver-
tical line. The sensor resolves this error into two compo-

. nents. One component is along an east-west axis and the

other along a north-south axis. For each controlled axis

of the mirror the error signal is integrated. The signal’
from the integrator is used to drive a voltage controlled -
oscillator (VCO). The frequency of the VCO determines

the speed of a synchronous motor thal moves the mirror

about one axis.

A voltage controlled oscillator has been dcveloped for
use in the heliostat control loop. The circuit is a bal-
anced multivibrator with the operating frequency con-
trolled by an RC network. Preliminary tests at:room
temperature indicate that the long term frequency. sta-
‘bility at room temperature is better than 1%, without
selection of the control resistors and capacitors. Fre--
quency stability should be greatly improved by utilizing
balanced components, The frequency range of the oscil-
lator is 800 cps around the nominal frequency of 1200
cps. The transfer sensitivity of the oscillator is 100 cps/
v (dc). Frequency dividers and a passive filter will couple
the osciliator to the amplifier-drive motor.

The sun sensor used as the error detector in the control
loop is a very simple device with no moving parts. It
has a four element fully color corrected-achromatic lens
which reduces the sun image and projects it on a solar
silicon cell which is divided into four quadrants.

Two types of coupling between the hour axis and decli-
nation axis exist in the heliostat. The first type is caused
by the relative positions of the two mirrors. This is the
condition that as the mirror moves about the hour axis, .
a motion about the declination axis is necessary to keep
‘the reflected ray from the movable mirror directed toward
the fixed mirror.
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Figure 52. Rate about declination “axis
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The' second type df couplmg arises in ‘the contm] sys

] 'tem ‘of the mirror drives (Fig 54). In the noontime position -,
e a mohon of the'i mirror about the declmahon -axis produces : (
' an efror only’in’ the north- south sensor axis and a motion
R about the hour'axis produca an error only in the east-west L
) sensor aJus However, thxs is true only at noontlme ie.,

" when'8 = 0. At any other instant a motion about ‘either,
' the hour axis or the declination axis gives rise’ to an error -
.'-smgnal in both the east~wat and north-south sensor axes.
. If the sensor. axes were rotated about a vértical line this’
'type of oouplmg could be eliminated.

. An analysis was made to delermme the rotation u of

the sensor axes that would be necessary to eliminate the
" coupling in thé control system. For an arbitrary position ‘

of the movable mirtor let the reﬂected ray to the ﬁxed

o .‘ muror be denoted by

M= D:+E;+Ft

~when r, and 3 have the correct values both D and F van-

- ish. For some small change A3 in the declmatlon angle
from thns nominal- -position the coefficients of the i iand k
' terms of M become aD and AF, respectively (Fig 55).
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‘ Figure 54 Two axis conml with coupling

'i'ben ® can be‘i‘CPfCSCIIlted by

B .1 4D
p==tant 2
AF

for AD and AF small. Let
BT 7-0—v,V3

e=8-%0deg

Fot small changes in the declmahon angle about the nom-

mal posnhon the expressnon for

"’.'22_,"5" . .
' . ! ! o l "’ i '
e ='tant o
: e R “ ."v" . F ‘n aF _‘ e
S R 20 S
where . L
D N ‘
R e = —~sin2ysin2ocosfcose
2008 20 sinasin (8 =y):
oo 4+ 2sinfcos c'co's’jysin'Zc '
oF '
‘-5; = - Zcos szmacos¢cos(0 -v)

o . 'V-Zstocosacosécos(o 7)cosy
' + 2sin 2osmasm¢ '

— 2¢0s 20 coﬁasmd: cosy

Both ¢D/de and BF /3o are evalyated in the nominal posn-’
tion. A plot of u versus @ or time is shown in- Figure 56.

* For this plot the values used for a'and ¢ were a = —23

degrees and ¢ = 34’ degrees. The effect of this type of ‘

coupling is being investigated on the analog computer.

The system is represented by a'linear model. Preliminary

results indicate the performance of the control system is
satisfactory without compensating for this coupling. -

P
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Fi'gﬁn 56. Sensor relation to uncbuplid control oxis

. ‘Artificial sun source. The artificial sun source will’con-
" sist of a reflective optical system collimating the crater
* of a high-intensity carbon arc light. The lamp will be
. .operated by a 225-ampere 115-volt direct current source.

The surface brightness of ‘the sun is approximately

104,000 lumens/cm?/sterad. To stimulate both the angu- .
~: lar diameter and flux of the sun at some specified dis-
", . - tance, the source of radiation in the simulator must have a -
. surface brightness at least as high ‘as the sun. Preferably -
* it should be higher, to compensate for losses within the
) ophcal system. At present, the best source seems to be a -
. " “hjgh-intensity carbon ‘arc having a color temperature of
" -5800°K and a surface brightness of 71,000 lumens/cm?/
' sterad: Therefore, it will not be possible to simulate both
" ‘the angular diameter and flux of the $un.
In order-to attain an artificial sun source which is both

compact and eiﬁcnent it is desirable to use reflective
optics. A proposed ‘design is an off-axis ellipsoidal con-

~ densing mirror, an aperture at the secondary focus, ‘and
. an -off-axis parabolo:dal calhmatmg mirror (Flg 57). The

NI e e+ . = e e

cone of radiation falling upon and passing through the
aperture is an elliptical cone, due to the off-axis ellipsoid.
The f-ratio in the plane is greater than the f-ratio per-
pendicular to that plane. In other words, the major axis
of the elliptical cross section of the cone is perpendicular

to the plane. It can be shown, that this ellipticity can be
removed by the correct tilt of the axis of the paraboloid
with respect to the cone, but that for the design given,
‘only at an angle that the collimated beam will not clear
the aperture. Therefore, the paraboloid will be designed

- to work just off-axis (about 1 deg) to allow a clearance of -

the beam of about 1.7 inches when passing the aperture.

gt

© COLLIMATOR

Figure 58. Arc.collimation system

" In the design bein'g considered (Fig 58) the angle
between the positive carbon rod.and the ellipsoid axis is
26.222 degrees. The resulting elliptical cone falling on

" the ‘aperture has an f-ratio of 4.00000 perpendicular to

the plané of the system, and 4.06494 in the plane. The
intersection of this cone with the paraboloid, if the axis
of the 14.02669-degree cone is placed 15.02269 degrees .
from. the axis of the paraboloid, will produce a beam -
which is the elliptical projection of the 24-inch diameter
mirror. The dimensions of this elliptical beam will be
24.000 by 23.999 inches, producing an error signal for the

.. polar sun sensors relative to the equatotial sun'sensors
~ of 0.001. A position can be found by rotating the sensors -

about the axis of the beam where thxs error sngnal goes

. to zeto.

The angle at wh:ch the center of the elhpsoxd is off-axis ‘
(26.222 deg) was chosen atbltranly to work as closely on-

" axis as possible. The physical size of the arc housing may

dlctate what this dimension must be. The elements for :

ellipﬁcdl producing an error signal of perhaps 0.003.

" Again, this can be made to vanish by a proper rotation.

If the center of the 24-inch paraboloid is approxlmately -

' 8.0l degrees off-axis (depending on the design) the dis-

tance from the center of the aperture.to the center of
the mirror, assummg an axial focal length of 96 mches is

a system with this angle equal to 31.222 degrees havve" ‘
_been computed, and the resulting beam is slightly more



:.J

. 96.8102 inches. It is this distance that is used to determine
. the necessary aperture size. To obtain an angular diam-

eter of 44.22 minutes of arc operinre = 96.8102 X tan

. (44.22 min) = }.245 inches. The basic elements of the

'

pi-pposed design are shown in Table 13.

" Table 13. Proposed condensing and collimation
system paramefters

Paremeter , - Veive
o Cou‘omh' system
Arc diometer '0.59 in.
Center of ompwidoi mirroe | 26.222 deg oft-anis
. Diaimeter of sifipsoidol mirror 4.704 in.
Axzis of ellipticol cane 11,135 deg off-axis
Eflipticat cone : 14027 deg
Diameter of opcnw; ' 1.245in.
Distonce, center o' arc to center of clhpmdd v 10.000 in.
ot mirror '
Distance, center of cihpn-d to «n'u of opertere | 13.880 in.
Semi-mojor onis of ellipsoid 166375 in.
Eccentricity of ellipsoid 0.41714 in.
Cofiimating syitem '
Aaial focal icﬂg'b of poraboloid 96.000 in.
Diameter of collimating mirror 24.000 in.
" Center of mirror ‘ 8.013 deg oft-oxis
. Di;’ont.. center of aperture to center of mirrer ) o ‘
Seam dimensions 24.000 X'23.999 in.
C‘Mc'r of operture by 13.688 in.

This design summary represents the dimensions of the
initial design effort. Detail design of the collimation and
condensing systems may require some chanfes jn order

- to allow for mechanical clearances. The artificial sun

source will be “equipped with two arc light elements
mounted in tandem arrangement. As one nears the end
of its burning time (40 min) the other may be started,

" then pushed into position. This transfer will cause a light
-interruption of approximately 1 second. The lamp ele-

ments will travel on a guide rail.

Instrumentation. Instrumentation ‘for the celestial sim-
ulation facility initially will consist of a communications
system for the spacecraft simulator made up of two
eight-channel on-off type command systems and a single

" 'seven-channel analog telemetry system, a monitoring

‘theedolite for use in performing initial alignments and

to make azimuth measurements as the tests proceed, and
recording equipment’ to provide facility for recording
desired data.

Command system. The command system is composed

of two AM transmitters with eight audio tone generators

. .
'

in each unit used to modulate the respective transmitters. -
Each transmitter is capable of being modulated by two
simultancous audio tones. Therefore at the present time,
there is the capability of sending four simultaneous on-off
type commands and the over-all capability of performing
18 different on-off control functions on the spacecraft
simulator. The reccivers for the command system are
mounted to the spacecraft simulator and~are crystal con-
trolled superheterodyne units,

Telemetry system. The telemetry svstem consists of
seven voltage controlled oscillators and an AM transmit-

“ter as the sending unit on the spacecraft simulator and a

superregenerative receiver with seven phase-locked dis-
criminators as the information processor on the ground. -
The telemetry system has the capability of sending seven
analog signals from the simulator and receiving them on

~ the ground with an accuracy of approximately 1%. The

over-all capability can be extended by using the com-
mand system to sample various signal inputs to the
telemetry system on the spacecraft simulator and thus

increase the total number of measurements. ‘_ sy

]
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' B Gmdance and Control

The funchonal dqsngn of the guxdance and control sub :
ystems for the Ranger spatecraft program can be -
‘conveniently lelded into two parts. The first- part is

concm'ned with the’ gmdancc and. control subsystems for .

the firét two. ﬂlghts which are intended as development

" tests of the - basic spacecraft ‘The .second part is. con- .

[ ‘cérned with the guidance and control subsystems for the -

""" last -three flights which are planned as lunar .rough- -
larding attempts, using: the spacecraft plus a landing

" capsule. The following material describes work accom-

L phshéd in the above areas dunng this repoﬂ period

T

: 1 Ronger RA 1 and -i

. a. Sun sensors. Sun sensors for the Ranger program
“have been dcveloped to a high degree of accuracy and
reliability. RA-1 units have been' flight acceptance tested

© . and delivered to the attitude mntrol system.

*

The sun sensors are optncal devnces which utllize a
shadowing techpique to develop error signals on two
.orthogonal axes. The sensors are divided into primary
" and secondary upits. The primary units mount on the .
spacecraft frame and aid in determining the roll axis. The
"secondary units mount on the underside of the solar
panel tips and complete the spherical field of view
requirements during acquisition of the sun.

i their outputs cari be resolved into two-axxs error sngnals
! (SPS 37-5). - |

Since last reportmg the earth sensor electromcs have

‘undergone several modifications. to improve loop sta-
. ‘bility. These modifications have been effective and, at

'thc‘ present time, six earth sensors are operating satisfac-

; torily. The RA-1 flight earth sensor has passed its ﬂ|gh!
. acceptance tests and has been delivered to the attitude

control system. Flight acceptance temperature has been

“changed to a nominal of 20 +25°C.for these units. Tests

have 'shown the photomultiplier tubes can only survive

*72°C“non-operating and '45°C operating temperature.
‘Exceeding these values produces a rapid and irrevers-

lble change in gam

A backup design is bemg camed along concurrcntly
with the hope that it can be included in Ranger RA3,
-4, and -5. This design (Fig 6) excites the photomultiplier
tubes with pure dc instead of the dc and ac ripple pres-
ently used. Tests have shown that dc excitation improves
photomultipiier gain stability. Therefore, the dc model
should have improved null stability and threshold char-

acteristics. The present dc model is in initial stages of

development; however, preliminary tests on the modu- -
lator and preamplifier sections are very encouraging The
excitation to the tubes is filtered dc, giving dc outputs.

These outputs are then mixed and modulated to give.the -
hinge (A — B),roll (A + B — C),and control (A + B+C) -
outputs. As in the ac version, the control” output is used

. to control the tube excitation.

The problem of mounting the sun sensor detector has
been solved by employment of quad-rings. The quad-
rings bring support to bear on the strongest section of -
the glass detector envelope rather than complete sup-
port as provided by the potting compound. With ultiliza-
tion of .the quad-ring mounting, a sun sensor assembly

. can snnwe an extreme temperature range from - 100
to + 125°C without. failure.

The primary sun sensor detector has been changed to

- cadmium sulphide (from cadmium sélenide). Cadmium

' “ sulphide has a high temperature coefficient of resistance.

" and a low hysteresis value. The sun sensor error analysis

presented in SPS 37-5 showed that a significant error

‘could be caused by an asvinmetrical temperature. This

error is directly related to the detector temperature

“coefficient of ‘resistance. A re-evaluation of sun sensor
performance is presently being made.

b. Earth sensor. Earth sensor mechanization is much

" the same as the sun sensor in that a variable aperture
* (shadowing) techmque is used. The detectors are three
photomulhpller tnbes ("a in. dlameter) arranged so that

e L ! W . . . N
. A .

It is expected that this version will give null offsets of
less than 0.5 degree. 3o, in both axes, and haye a sensi-
tivity of 0. 001 foot-candle or better.

At present, the electronics have bcen tested as a bread-
board, and perform well from 0 to 100°C. Tests below

« 0°C show a gradual decrease in scale factors of the hinge

and roll outputs. These scale factors are 25% low at -
—40°C. No testing has been done to date with phom- o
mulhpher tubes connected.. :
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3. Electromechanical Devices

a. Horizon scanner. To provide information for drien-
tation of the scientific instruments with respect to the
destination planet, a horizon scanner is being developed.
The horizon scanner provides two axis error signals to
stabilize the scientific platform with respect to the plan-'
etary local vertical. An additional output of the horizon

. scanner may be planet angular diamefer from whnch range

data could be'derived.

.

The performance requirements of the scanner are that

both the position error signals and the angular ‘diameter
information be accurate to 0.1 degree, lo. The range of
operation is from 8000 to 160,000 km distance: from the
center of the planets Venus or Mars. In addition, the sun
edge planet limb minimum angular separation durmg ‘
tracking can be as small as 6 degrees.

A horizon scanner to meet these requirements is being

‘developed for JPL by the Barnes Engineering Company.

This device uses.a single thermistor bolometer detector
to detect the infrared thermal radiation discontinuity

' '
L




- between the planet edge and the space background. This

method allows the scanner to be independent of reflécted

“solar radiation and, in fact, the planet can be,tracked

while the spacecraft is on the dark side of the planet.

.+ The scanning mechanism consists of counter rotating

* prisms which sweep the % by %. degree field of view of .
. the detector over a 70 degree, four loop rosette pattern.
. When the scan intercepts the planet a rectangular pulse

" is generated. The Jeading and trailing edges of the pulse
coincide with the planet edges. Angular position informa-
_tion is derived from the time of the pulse edges with

1~

respect to a reference pulse generated by the prism posi-
tion. This technique of edge or horizon detection enables

“the accuracy of the device to be independent of thermal
- gradients across the planet disc. To provide acquisition
. and sun discrimination, the rosette pattern can be slowly . :

rotated through a small angle when necessary.

. b.Long raage earth sensor. The long range earth sensor
. provides two axis pointing information for the purpose of
.directing the high-gain communications.antennz toward

the earth. The sensor is attached to the antenna structure
and the optical axis of the sensor is boresxghted with the

antenna axis.

The sensor tracks the earth over the approximate range )

of 1.6 X 10* to 6 X 10" km by detecting the reflected solar
energy of the earth with a single detector. No rotating
mechanical parts are used in order to insure high relia-

'bility for continuous operation over long periods of time.

Scanning of the 4 X 10 degree field of view to provide
the two axis information is accomplished by a vibrating
reed. The reed moves an aperture in the image plane of

the optical system and modulates the earth’s energy inci-

dent on the detector. Null accuracy is 0.2 degree, lo, in
the spacecraft roll axis and 0.3 degree, lo, in the antenna
hinge axis. '




,_“

- -aperture (shadowing) technique is used.

teristics of earth sensor photomultiplier ‘tubes in’ both .

f. Earth sensor. Ranger earth sensor optical mechaniu‘-‘.
tion is much the same as the sun sensor in that a variable _
As reported in SPS 37-6, both an (A-C) and. a (DC)
earth sensor are being built. The (D-C) version has proved
to be a much more sensitive and stable device than the

Ranger missions.

“(A-C) model and as a consequence will be used for all

* During the. deyelopment period one modification has o
been made that significantly improved: the life charac-

.
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versions (A-C and’' D-C). This was the addition of an

. electrostatjc shield around the cathode portion of the

tube shown in Figure 18. This modification extends the
life of the photomultiplier although. the exact reason is
not presently known. However, it seéms likely that very
minute currents were flowing in the tube housing causing
migration of cesium from critical areas with resultant
loss in sensitivity. The shield eliminates a large voltage

f-gndientintheuthodemdﬁrstdynodem
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f, Horizon scanner. The Mariner A scientific experi-

ments are directed toward the destination planet by use

. of an infrared horizon scanner sensor. This sensor oper-

ates. on the planet emitted radiation between 5 and 15

micron wavelength using germanium optics and a bolom-
eter detector. ’

Approximately 200,000 miles from closest planct ap-

- proach the horizon scanner is activated and a search
pattern internal to the scanner begun. After planet
. acquisition, two-axis error signals are fed from the scanner
‘to the planetary horizontal platformr servos in order to

- direct the platform and its scientific experiments toward

" the planet. Figure 46 is a photograph of the first proto-

" type horizon scanner. Figure 47 is a cutaway drawmg of
.the horizon scanner. o . Figure 46. Prototype horizon sconner

In attemnhng to achieve relnablhty through simplicity
of design, it became necessary to reduce the complexity
" of some of the processing circuitry. This redesign . has

The possible sources of errors contributing to the
accuracy of the horizon scanner are shown in Table 12.

‘required the rescheduling of delivery of theﬁrstprototype It is to be noted that the asymmetry in radiance of
umt from April to May 1961. . Mars with its relatively thin atmdsphere will be the most
. . ¢ o , , . oo

COUNTER-ROTATING, ‘ ‘ R
SCAN-GENERATING PRISMS ; e

OBJECTIVE LENS

o rrr I I I I X I X I T IIIXT
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WINDOW

// 4
/ / _ ACQUISITION MOTOR \ .
. CONNECTOR
. - LIGHT SOURCE — / ’ GEAR HEAD SIGNAL PROCESSING -

- / PHOTD-DIOOE POSITION
: PICKOFF

Figure 47. Horizon scanner



Table 12, H'ori_xp_n scanner error estimates
' X '. ) N 4. . ' . L ' v ! f

T

Me(hum(ol ohgnmen' of cl’omoi nhnnu ‘m'o(.t

ond opheol axis S P o “ +0.02' deg ..
" Stability of wedge aos:hon ch\'ev non‘ag T ' L
velemna pulse L L 1. %002 dég
. , Asymmcmcol shift .of duppmg tevely m'h . C Vo :
. 4empemhnq vorigtion . - . LN i :0.0.? ‘deg
. Dcuennu in' absolute rcdconn kvcl , AT
. . ! 0.0 deg
+0.1 .deg
* ¥enus +0.06 deg.
"4"." . *>0.12 deq
4fiom dne limb of planet 'o the diometricaliy eopbled limb L
o ' N
' ' D . o
mgmﬁmnt cﬂcct R l\hrimn scanhcr accuracy. Tlic oﬂoct

will be a bias toward thc solar ﬂlummatcd pnrtlon of the
pl.mc

. In[mred planet simulator. Tlhs svmulator is ‘tised
to test the capabilities of the planet horizon scanner at
tcmpcmtures ranging fmm 20 to 60 C. This will allow
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" in use.
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testing. nf the scumer Ihrnm.h Hu-' anute ni internal tem-
per.nlurvs which are ¢ \[w(tul during Ihghl

le ham unit s a modlfwd Tvnnv\ TTl F- m’m tem-

: p('r ware chamber. This Torms the scaniicr (ump.mm( nt

sas shown in Fi igure 49, The space backgronnd (lmmlu,r is

“ adjacent to the scanner compartment \lmrnw one wall |
. which is cut through to allow the scanner Yo see throngh

to the infrared target display ed just bevond the far wail -

~ of the space chamber, The aperture in‘the space chamber

witll through which the turgrets are Seen,can be varied by
choosm(., one of . several annular’ inserts. This allowsy
presentation of targets ranging - from 0.3 to 30 degrees in,
dlamctcr Two adjacent targets of different te mpvmmr('

‘ mq\ ‘be presented to simulate a planiet terminator. A

1000 C source: will alsobe provided to simulate the sun.
This source will be displaved through small holes in
the space chamber wall which can be eoyered when not
All three targets are standard infrared ‘Soﬁrcvsf
A’ ;;crm.mmm Iens uppmnmatcl\ 10 inc hvs in diameter
is used to collimate the target enerey .md alsa isolates

.ROTARY TABLE .
L t Wt
y ' sPacE :
' . CHAMBER
GERMANIUM LENS
PLANET :
SCANNER
——
Y
- : SCANNER
L. 'COMPARTMENT
I | ) o '
\ e ‘
- Jj :
‘ ¥
v o Figure 48. IR planet simulator
. -
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» ‘sntate sthch out of ‘the ¢ coarse stn’ sensor after 1mt|al sun.

‘.'

-

~the scanner compartment from the space chamber. To
simulate off axis targets up to 20 degrees, the scanner and
collimating léns may be rotated by means of the rotary
“table to which they are meunted. A sliding seal which
moves' with the lens assembly preserves the integrity of
each compartment.

h. Planet source. The planet source shown in Figure 49

* will be used durmsz spacecraft systems tests where the

“planet,horizon scanner requires a target. These tcsts will

: be conducted in the celestial simulator building which

contains two traveling cranes.'The plunet source will be

mounted to one of the cranes which will provide means
. of moving it through various maneuvers to simulate Right
: 4,-'condmons e e ;

The 'source consnsts of a 16-mch_ dlameter aluminum

plate which'is electrically heated over the back surface

6 by means of a resistive coating., The front surface of the
plate which is placed toward the scanner, is painted yvith
a high,emissivity paint to allow maximum radiation. Two

N _unnular masks are prov ided to reduce. the effective angu-

‘ ldr diameter of the source from 4 to']1 degree depending
on the partrcular test requirement. When used. the mask

s mounted a short distance i front of the source and
has a layer of insulation attached to its rear surface to °

pre\ent transmission -of heat to. the front surfate where
Uit would be reradlated toward the scanner.

'
‘

‘The plnnot source will be . capable of: operatmn at
50 * 25°C. Twa source assemblies are being fabricated,
“one of which will be- for laboratory bench testing of the
planet scanner. During bench testing the temperature of

‘the source will be. controlled by a built-in miniature ther- .

mostat. A closed loop temperature control circuit is also -
' being developed for use during system tests. It is expected
that bench testing vull begin appruxlmately May 15, 1961.
- :. Fine sun sensbr. Marmcr A utilizes a coarse-fine sun |
scnsor mechamzatron Durmg mmal sun acqmsmon the
_coarse mode,: “hnch has.a 4z steru(han field of view, is.

used. Dlsturbmces to the accuratelv calibrated null due .

1

. Figure 49. Planet source !

which also includes the sun gate circuitry. The resistance
of the detectors in each axis is closel\ approximated by
Equation (1), = .

re = Aeshan (1)
vhere
R; and R2 = resistance valucs of the detectors

~ A8 = angular deviation, in dcgrees. of sensor from null

- The voltagc output oxpressed as a ﬁmctlon of anglc from

, E= exutatlon mltage

to sunl:ght reflected from many artxcu]atmg devices neces-

acqunsxtion At thxs ume ‘the fine stin sensor, “hl(_‘h has'a

narrow . ﬁeld of view, is switched .on. Artxculatmg mem-,. -
*bers can ‘cadily be kept out of the small (14 degrees by - -
‘ 14 dcgrecs) ﬁcld thus the aecur'lte null is undxsturbed

Thc' \larmer ﬁne sup sensor operates on thc same SRR

shadm\ vane pnncnple as the- Ranger sun. sensors .and’

L uses the same cadmium sulﬁde detectors manufactumd

g l?Y. Clairex Corp. The circuit used is shown in Figure 50.

A

nullls' S ‘ o S
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T

E:z

2cnsh (b.m) + —f’-* 3
L N

where

R, = load reS\stunce ~ 51000 ohms
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/-FlNE SUN SENSOR

—-——

CADMIUM

SULFIDE
PHOTOCONDUCTOR
DETECTORS

8 vaw . 8 PITCH

-6 v

.Figure 50. Sun guio circuitry

’ »

" j. Sun sensor occulting array. The occulting array as
shown in Figure 51 is designed to prevent scale factor

. changes caused by sun image growth as the spacecraft
sun distance changes. The .configuration used on the

Marincr A sensor will eliminate gain change up to 1 milli-
radian displu(jement from null. : .

'Figure 51 depicts a two-axis detector a‘ndv0cculting con-

figuration; however, for simplicity, only a single axis em-

ploving Detectors X and Y will be considered in the

following explanation. The sun image at earth distance

q

is represented by the circle defined by r, and is 1 milli-
radian off-null. Under this condition Detector X generates
the output signal which is proportional to the energized
area, shown as Area A. If the sun image grows until its
radius becomes r. an additional area (Arca B) of detector
X is energized. However. Area C which is equal to Arca B

energizes Dctector Y. The outputs of Detectors X and Y

are summed and, since they are of opposite polarity, Arcas

B and C cancel. This causes the cffective error signal to ~
‘be proportional to Area A as in the first case.

Null stability of this sun sensor is greatly enhanced by

. use of the ocenlting principle. For the 1-milliradian spill-
over example shown, a 50% reduction in gain of either

detector will only cause a 0.03 milliradian null shift. With
even larger gain reduction (approaching 100%) the null
shift can never exceed the spillover, or, in this case, 1
milliradian. ‘

k. Experimental model. An experimental model of the
sun sensor has been fabricated. Typical output and cross-
coupling characteristics are shown in Figure 52. The posi-
tive output of one axis (vaw) is shown for zero, 1 minute,

and 2 minutes of pitch error. The output is low by ap- .

proximately 307 because of the energy lost through the
coelostat mirrors and earth’s atmosphere. Figure 33 is the

schematic diagram of the sun sensor.

l. Sun gate sensor. The Mariner sun gate sensor is
provided to actuate attitude control and or search func-
tions depending on whether the spacecraft roll axis is

within 2.5 degrees of the-sun line. It is:a very simple -

-
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. Figure 53. Sun sensor .
device using a pair of small cadmium sulfide detectors.
The first ctpenmental plot of sun gate output is shown in

" F lgurofs-i : '

i

m. Long range earth sensor. The sensitivity of the

‘Mariner A.short range earth sensor limits its usefulness
. to distances below approximately

ranges greater than this, the long. range earth sensor is

sensor (LLRES) has been described in SPS 37-6 and -7.

~ Many of the subss'stem elements have been breadboarded

but the prototvpe has not been completed. An error

. analysis based largely on estimates of subsystem per-

formance is shown in Table 13 and a sketch of the assem-

~ bled unit is shown in Figure 55.

n. Planet-moon nmulator. The short and long range

carth sensors are both devices that utilize the solar energy
"reflected from the earth. In addition. the sensors to be
‘developed for star tracking and planet approach guidance
. ‘mav also use this portion of the elcctmm.\cncnc spec-

tyum. To simulate a planet or moon for the testing and
evaluation of optical sensors. development has been ini-
tiated on an off-axis collimator. The simulator will ptovide

- a spectral distribution of the planet collimated energy

over the range of 3500 to 5000 Angstroms such that the
énergy-in any 1000 A band.will not-deviate by more than

. . COMMON .

2 million miles. For

‘. switched in. The development of the long range earth

* 307 from the energy distribution of the sun outside of .-
the earth’s atmosphere. . o

<o
[F.AN
?

8§, deg

. Figure 54. Sun gote ovtput

Table 13. Long range earth sensor null offset analysis
-
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' " . Figure 56 shows the design configuration of the'planet-  In addition, with the smaller size planet simulations, a
<" moon 'simulator. By changing field 'stop discs, anv size  moon can be simultancously simulated, adjacent to the
.« planet up to a maximum of 5.4 degrees can be simulated. planet at reduced radiance consistent with its _actual
: . . T . - albedo. Use of a high pressurc xenon are source will allow

e the radiance level to be continuously variable ovet a wide
' range with negligible shift in the spectral distribution of
the energy. The mosaic lens system will maintain uniform
distribution of the radiance over the planet image, regard-
- less of chanhges in arc size, as the total radiance level is
changed. . R :
.‘ . . s L
A}
@ g )
* . ‘ B N i.‘ E o ! . . |‘ .‘ oo . ‘. . N N ‘. v" ‘ M '
o i, ‘Figure 55. Long range earth senser S L ’ .
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3 Sun Svmulatot

Progress has been made toward the design of a true
Sun simulator adequate for the teshng of accurate Sun

g ,";‘sensors

~ One difficult Sun. simulation problem has been. the

* change in brightness actoss the xerion arc lamp source.
" To reduce this differential, only the brightest portion.
of the arc adjacent to. the cathode is utilized.. Although -
“the diameter of this spot is less than 1 mm, the bright-

ness from the upper to the lower edge varies by a factor.

"+ of two. lf uncorrected this effect would create a simu-

o

lated Sun of nonuniferm bnghtness which would mtro-
duce large pointing erfors when Su\ ¢énsors (whlch seek
the radiant center) were tested.

There are two apparent solutions to this problem. One
is the utilization of a light pipe scrambler upstream from
the aperture as shown in Flgure 10.

The light pipe would consist, of a cyhndncal rod of
quartz. having flat polished ends. Radiation would exit
from the rod ¢nd at the same cone angle that it entered,
assuming no errors in the geometry of the rod. However,
the intenal reflections acting on a given ray will cause
it to exit at a random circular angle dependent on the
length and diameter of the rod. It is this characteristic

that causes the scrambler to integratée the energy received
and p’resent a more uniform intensity at its output end. .

The second solution to thid problem mvolves the use
of fiber optics. In this case the scrambler would consist

of an incoherent fiber optics bundle. This scrambler

would receive energy from a given point or: fiber at one

end, and transmit this energy to a random point at its
output end. The effectiveness of this device would depend

primarily upon the diameter of the fibers and how well

they could be placed in random orientation at one end -

compared to the ather.

t 1

A contract has been let for the design and fabrication

of an optical system utilizing the light pipe scrambler
first described. These optics will be used in conjunction
with a 5000-w xenon arc lamp for the construction of
the Mod. II Sun snmulator :

As a backup design the fiber optics bundle is being
considered, with the mechanical design and construction

being done at JPL. The Mod 1 sxmulator using standard
optical components and a 900-w xenon lamp is also being -
designed and constructed at JPL. This is a portable unit -
~designed to energize Sun sensors while they are being

environmentally tested as well as.to test their output
charactetistics at ambient condmons

T ‘ " ~SCRAMBLER. ROD
. /..mc SOURCE ' FAPERTURE

CONDENSER OPTICS
COLLIMATING LENS

™

_SPHERICAL REFLECTOR

Figun 10. Sun simulator uﬂli.xing llgﬁ'—pipi scrombler

»



4 long Range Eadh Sensor .

The long range Earth sensor (LRES) used on Manner R
“uses 'a single photomultiplier tube together with a lens,
~ a fixed aperture, and a modulating mask. The modulating
~ mask is attached to a vibrating reed with a frequency
of api‘)mxlmately 22 cps. The electronics associated with

the reed (Fig 11) and the reed itself operate closed loop .

with a position pickoff device such that the reed oscil-
lates at a' constant amplitude. Frequency of oscillation
" is determined by the mechanical resonance of the reed
only. Figure 12 shows the relative position of the optical
elements. The knife edges on the modulating mask are
in the focal plane of the optical system. The photomulti:’
" plier tube serves only as a light detector and has no
position discrimination by itself.

.

'The vibrating reed moves through a sufficient arc to

~ completely uncover the fixed aperture at the extremes
‘'of motion. The output, therefore, is a series of pulses.
A shift in the position of the Earth image in hinge causes

~ a variation in the output pulse width. Similarly, a shift
in roll causes a variation in the phase (or time) of the

output relative to the reed motion. The electronics senses

"these properties in the pulsc chain and at the output

produces a dc voltage proportional to this error. Also

present at the output are signals.which indicate that an
object is being tracked by the sensor’ and’ tbe amount
_ of light being sensed.

The threshold of the init is appnmmately 5% 10 "
w/cm? (bolometric at a color temperature of 6000°K).
‘The maximum intensity is a function of photomultiplier

L

. hd -~
K A ‘ HIGH VOLTAGE : > L:::::uswv
: [ ‘POWER SUFPLY (g .
P : . ’ PREAMPLIFIER . | acouisiTion » - . :
— . {\ PHOTOMULTIPLIER |4, AND - SIGNAL -~ AOQUISITION
. G St ‘ TUBE PULSE SHAPER GENERATOR
— , / . 4 ‘ .
- S
l GATES AND
! : "FLIP=FLOP XCAR FILTER HINGE
. "] BOXCAR FILTERS
. - /
. LOGIC . P <
NETWORK
™1 FLIP-FLOP ™ Gates anp | ROLL
BOXCAR FILTERS :
POWER | AGC
— AMPLIFIER
DRIVE COILS R - '
. . 90 deg
k3

A

N Odeg

\ PHASE SHIFT

- ®™  neTwork [
VIBRATING. REED
' ‘ " 180 deg
: . CARRIER .
POSITION '‘AMPLIFIER '
pick-ore e e o| INVERTER
: DEMODUL ATOR K

, Figure 11. LRES ciréult ' !
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- tube lifé'énd has been defined as 5 X 10-7 w/cm?. Intensi-
'+ ties. much higher than this will not affect the tube for

short periods. of time. With power off, the sensor may,
be pointed directly at the Sun for extended periods.

The accuracy of the LRES is 0.1 deg in roll and
=0.25 deg'in hinge over the range of 0 to + 100°F.
Expected inflight stability is approximately =002 deg

.- in roll and +0.05 deg in hinge. Power dissipation is
approximately 6.5 w and total assembled weight is 6.2 Ib.
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2 ,'3 Long-Range Earfh Sensor
“The long-range Earth sensor (LBES) prevnously

- descnbed in.SPS 37-14, is now qualified and ready for-
"-__"'ﬂnght (Fig. 12). A funchonal block diagtam is shown in-
<. Fig. 13 Functlonal propemes of the LRES areas follows* '

+ ! s

'Fﬁnc@ion’ o " Prope: ny .

. ‘ .
;o —— i v, DX (B

©Field of view ...

'_ " *2~dcg roll and +5-deg hinge

R;idn'ant'inﬁm,ra'n e 5 x 10"‘ w/cm to appmxi-

- (bolometric .at B0 ."l(") L rnatply 5x 10 w /ém’
Power dissipation = . : 65, w IR
Wﬂghl s ’ ' 02 lb B oty

Ol-deg3crol| )
3 025,deg3-hinge !

-y 1

© Null stabnl nty { ahsolme. with
+  reference to extemal :
o mounlunz péds)

Fig. pg, Lo na.rcngo Eorth sensor

Function . Property.
Null drift (expected in flight):| £0.02.deg ol <.
o o +0.05-deg hlnge o
Roll scale factor 4 v/deg +10%
Hinge scale factor 2 v/deg +108. ..
Roll saturation ' 4v +10% - .
Hinge saturation 4v =10%
‘K(quisition signal 7 x1lv 'd'c
.‘E,ight itl\tensit'y readout Oto—3 vde
" Collecting optics | 7 element ff1. 2
: : 2-in. focal lcngth
\

N

. The LRES is affected by off-axis dlsturbances to some
degrce Extensive testing was performed to estimate and
cotrect this defect. Results of ‘the testing are shown in

- Figs. 14. 13, 16, 17, 18 and 9. During these tests, addi-

.. setup and rack are shown in Fig. 20. During initial test- .
" ing a problem arose due.to the front surface of the vibrat-
mg reed bemg hnghly reﬂechve Light was rgﬂected from

tional problcms associated with properly simulating the

space environment arose. Extraneous. light was also re-

" flected from test equipment, dark room walls and operat- '
ing personnel so that the results as’ shown should tend to ..
" be on the pessnmlshc side. -

.

ulator and a’Griswold optical dividing head. The test

Testmg of the LRES is d0ne wnth an Earth—Moon sim-
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the reed 45-deg bevel to the black phototube housing
and from there diffusely reflected to the photomultiplier. -
In simulated acquisition tests the Earth sensor would
deliver an “acquisition” signal even though the Earth -
- was as much as 20 deg out of the geometric field of view.
The phase of the error signal at this time was also inverted
so that Earth lock would have been prevented. This prob-
_ . : ' ' .
bl
- | ‘
" z I/ f
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Fig. 17. Hinge p‘dno test, Part It

40

lem was associated only wnth the high- mtensnty Earth.
Solution’ was twofold:

]

(1) Blacken the reed, especially the 45-deg bevel.
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. { DEVIATION, deg | ACQUISITION, wkm? | ACQUISITION, . w/m
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Fig. 18. 45 deg from both hinge and roil plane test
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Fig. 19. 45 dcg from both hinge and roll plane test,

Part 1

(2) Introduce wave-shape dnscnmmamon into the acqui-

sition channel
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Fig. 20, LRES ".osi.ltquipﬁinf
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P *An addmonal electrbmb problem was dtscoveted 'Elecmc -
motors Operatmg in the vicinity of the Earth sensor caused. -

erratic performanceé. This- dlﬁiculty was traced to three
fastusthchmg diodes in the reed: drive loop The three

. fast diodes (FD100) ‘were changed to general purpose'
(IN457) to solve the dxﬂiculty

0

‘; 4 Earfh-—Moon Smwlator - vi‘ o

- The Eartha-Moon slmulator (ans 21, 22) is'a devxce»

B desngned and fabricated by 'Nortronics, to preserit a
“simulation. of thé Earth, ‘Moon and Earth; or a 'star. The '
“simulator: provides the means with’ which to determine’

accuracy of alignment and flux level response. Con-

' tihuouss variable’levels of madlance are available for dis-
- ‘crete distances from the Earth There are provided. five
" different Earth- phase positions for the larger size diameter

Earth. The simulator provides a 5-in. diameter collimated
light which is good to 5-sec-of-arc accuracy with reference

"to the point source. The integrated intensity of the flux ‘

density in ‘the beam (per cm?’) from the simulator does.

-, ot ‘vary more than 5% over the center 3-m diameter of

+ '
. .

Fig. 21. Edn&—Mood,bimuldﬁr light source and reflector s

e

,tﬁe ‘Beam aﬁd not more than 102 over the entire 5-in. _
.diaineter. Earth' diameters from 5.411 to 0000452 deg
‘can be simulated (in discrete steps) Color temperature

between 0.35 and 0.8 u approximates a 5200°K black
body. Variations in flux are possible over a range of
159.7 X- 10" w/cm? to 1.12 X 10-'* w/em®. The angular

. position of the Earth’s geometric center is within 1 min

of arc normal to the simulator. external alignment surface.
The outer edge of the simulated Earth is circular within
0.1% of the angular diameter plus 5 sec of arc..

v

«
A

42




The light source is an Osram, 900-w xenon lamp, as
shown in Fig. 21, with the parabola reflector mounted
directly behind it. The light is projected through several
lenses and reflected by three mirrors before it comes out
of the simulator in the desired image. The intensity is
varied with neutral density filters inserted in the upper
sliding frame as shown in Fig. 22. Also in the same figure,
the lower sliding frame is used to hold the different aper-
ture plates which simulate the different sizes and con-
figurations of the Earth and Moon. Swung out of the
way from the front opening is a cover with a photocell
mounted on it to measure the flux density which is pres-
- ent. The photocell is connected to the microammeter on
the side of the simulator case and the rpading is converted
into Bux density. The Earth-Moon'simulator can also be
made to simulate stars, such as Canopus, with some minor
modifications. : ‘ ’

.
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3. lﬁleérbted Guidance Package Désign
a. Configuration. Design aims included:

(1) All guidance sensors should be in one package that
" can be aligned and tested independent of the
spacecraft.. . . -

(2) The package should go into the spacecraft in the:
same location for all Mariner B missions.

(3) Modification to sensors in the package to accom-
modate mission geometry changes should not in-
volve gross mechanical redesign or cabling changes.

. b od

.

'S

_Fields of view of the three guidance sensors are respon-

sible for the general configuration of the package and the
location of the package on the spacecraft. The Sun sensors
must look through the solar panel and the Canopus tracker’
must be far from the plane of the solar panel, so that
solar panel tips are out of its field of view. The solar
panels force the package to be long. Venus-type one cone
angles are less than 90 deg, so the guidance planet tracker
must look through the solar panel and be located close to
it. Even though Mars cone angles are nominally 150 deg,
the Guidance Planet Tracker (GPT) can still be located
near the solar panel. It must be, because its large size
would cause mechanical interference with the folded
solar panels if it were located any appreciable distance

above the fixed solar panel. Nominal Mars clock angles
. of 90 deg require the package to be located on the minus X .

side of the spacecraft.

i ‘The GPT as presently envisioned has a 4-deg field of
view which is gimbaled by means of two single-axis
mirrors so that its dvnamic range'is a 20-deg included
angle cone. To accommodate the widely varying nominal
planet directions associated with Mariner B missions, a
mounting flange will be used to support the GPT. This
flange will be tailored to suit the mission.-



: ﬁéfe-a,re 2 deg of vflieedﬁm needéd for mounting the

- 'canoeus:

. TRACKER "

.
L4

GPT. in, an _ arbitrary’ position. Cone-and-clock-angle

 degrees of freedom turn out to be quite convenient. The
-+ clock-angle degree of freedom is set by the flange and-

" ; the cone angle is set by the rotation of the GPT on the

o flange face. By using this scheme the flange is simplified

and one axis of the mirror gimbaling deflects the.field of

_view along a meridian of spacecraft-centered eone-clock
angle’ coordinates. The only' compromise involved is a

constraint on, the mechanigal configuration of the GPT:

" the window must be on a face which is perpendicular to

the mounting surface. This constraint does not. appear
to be a great disadvantage. Using part of this flange for
the Sun sensor mounting surface has the advantage of
minimizing the number of machining tolerances between
the Sun direction and the GPT.’

+ .

Figure 31 shdws. the general configul"a_tion of the guid-
ance package. ' . e ,

" Reclative alignment between optical sensors is most

© critical during the approach-guidance phase of the mis-

sion. Although an error analysis has not been completed,
it is felt that relativé measurement, better than 1 min
of arc, will be required. During approach-guidance meas-

" urements, the zero-roll direction defined by Canopus

tracker and the roll axis defined by the guidance Sun

I.‘T.. L . o ‘.Fig: 3. Inug’ro‘hd gui&am:c package

— GUIDANCE
RLANET TRACKER

FLANGE . = .

. GUIDANCE
| SUN SENSOR |

2 - 'SUN SENSOR. - -

‘

— SUN GATE

_sensqr mu‘st'be held quite'cloée\y. “This means st'rﬁchiral'
. bending between the GPT and Sun sensors must be mini- .
mized, and torsional warping between the GPT and the -

~Canopus tracker must be minimized. Bending is of sec-

~ondary importance in the alinement between the GPT -

and the Canopus tracker, The ‘bending component in
, the Sun«probe-Canopus plane has no cffect and the eom-
ponent out of this plane causes only small errors in the

roll attitude. This error is ‘dpproximated by the follow-

ing equation:

. a ’;A(sin.b;,,_“-'- sin‘b,,,..‘,,) :
where T ’

= error in roll

A = angular misalignment of iéanopus-uacke‘r.
optical axis with Sun sensor -
b= Cénopus cone angle " )

The range of the "Canbpus cone angle dur'ing approach '
guidance is roughly 2 deg. Therefore, a = 0.035 A.

Roughly ' deg absolute accuracy is needed between Sin
direction and the Canopus tracker optical axis. ‘

Bending misalignments can be caused in several ways:

(1) Thermal gradients (static and dynamic). . |

PRIMARY o




(2) Creep
(3) Residual stresses cstabhshed on assembly.’

{4) ‘Change in gravxtahonal envn’onment bet\sjeen time
of assembly and zero-g flight. -

(5) Mal‘hinin{: tolciances.

‘Torsnonal mlsahgnmen(s are caused baﬂcally in threc
ways

) Torsion loading. :

(2) ‘Diﬁercntial.};e"nding. L o .

(3) Machiining tolerances. o | s

« Both bending and torsional misalignments can be mini-
‘mized by keeping the package compact. Unfortunately,
this is impossible. due to ficld-of-view constraints. How-
" “ever, it is fortunate that the GPT and Sun sensors are
close togcther, since their ahgnmcnt is critical in bending.

To maintain the torsional alignment between the Canopus .

trador and: the CPT, the Canopus tracker is supported
s in be.\nm,s (m|mm|7|ng torsional loading) and is coupled
to-the GPT through a smglc torque tube (eliminating
the possibility of differential bending). The torque tube
;nay in fact be supported in bearings at points along its
."length, since bending does not effect the torsional align-

o ‘ ment of the ends. The 'i-deg absolute alignment required

between the Caropus-tracker ophcal axis angd the Sun

" direction must be adjusted at the time of assembly Itis .~

‘reasonable to assume.that thermal warping will not be
serious enough io destrm this ahgnment

Lo

4 F:eld ol View Colcuhmons

“The- ﬁeld of view. of optical sensors is determmed byv
means of shadow, ghphs Generation of the shadow graph

“has been sxmphﬁed by setting up a 1620 Fortran program.
_Caleylation- of the -cone and’ clock angles: of spacecraft
~solar panels; science’ expcmr‘mnts etc., as viewed from

the - Mariner B Canopm tracker is illustrated by’ the
shadowgmph (Flg 3") A roll- Jtmudc degree of freedom

is rcqmrcd by Marinet B, sa it is convenient fo make

‘the z¢ro-cone axis pamﬂcl to the spacccraft roll axis (roll -

of spacecraft then does not affect the shadowgraph out-
- line).- C.mnpus tracker field is shown for-a voll attitude
_of 114 deg, Figure 32 show,,. ‘that’ roll attitudes may be

N ~chosen betiveen § and 114 de g or hetween 143 and 170
deg Bétiveen 114 and- 143 deg. 'the ion dmmhcr mtorfetes h

\nth trad\cr cnno ﬂf st tmtnm

e

“asoel
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' Fig. 32. Shadowgraph of Mlun'vg'cr B from the
" Canopus tracker

5. Sun Simulators and Sensors

a. Sun simulators. The design of the Mod I snmulator
as described in SPS 37-14 has becn completed. The optical
system, which is comprised of standard optical compo-

 nicnits, has been set up on an optical bench. Preliminary
~ tests indicate that the collimation accuracy is well within. S

the dem,n goal of +15 sec of arc. The support structure,

.which' has retractable casters for portabﬂm has been
fabricated. This structare supports a standard lathe bed,

which. in turn supports the rest of the simulator. It is -

“estimated that all other parts necessary. (u assernble. the

smm]ator will be available by ]une 20, 1962,

The contract for the . design- and fabncatmn of the
“optical system’ for the Mod H wmulamr has been com-
. plotcd Tcsts show that the ‘collimation accuracy -of this -

optical system also:is well within the design’ goal of 15
sec of arc: The over-all design of the simulator is 90% com-

‘ plete. All dr.l\\mgs should be released by Junc 30.

Fabncnhnn of the lathe bed support a«omhlv hac been

- completed. . The “clectronic equipment. to operate. the

)000~.\\ xenon lamp has bm- procurcd




It is expected that all paﬁs will he fabricated by July 30.
allowing the assembly of the unit to proceed.

b. Sun gate. The Sun gate used on \!armcr B is of the
same. design used on Mariner R (Fig. 33). Its output sig-

. nal is.used to terminate the - -acquisition mode whenever

the spacecraft roll axis is within 2.5 deg of the Sun line.

' The excitation voltage to the secondary Sun sensors is
-removed upon acquisition. This eliminates any secondary
*. 'sensor outputs which would degrade the accuracy of the

pnmary Sun sensors since both outputs are connected to

. a common point.

c. Primary Sun sensor. The primary Sun sensor oper-
ates on the same principle as do the Ranger Sun sensors.
The major difference is that the four cadmium-sulfide
detectors are located in one assembly rather than at four

different points on the spacecraft. This is made possible .'
_bya reductmn in the fickl of view which prevents obstruc-
- tions caused by adjacent spacecraft components. As shown

in Fig. 33, a smglv-apertnre plate provides a shadow bar
for each detector. The aperture is designed to give the
sensor a 44-deg total angle field of view about both the
pitch and yaw aves (44 deg in pitch and 28 deg in vaw for
the pitch axis and 44 deg in yaw and 28 deg in pitch for
the yaw axis).

- d. 4= ateradum Sun sensor. The 4~ steradian Sun sensor

is required for Mariner B to give a readout of the attitude

_of the spacecraft relative to the Sun The sensor has a

v

4~ steradian field of view which allows a readout signal‘ ';
-to be generated regardless of the position of the spacécraft.

The principle of this sensor can best be understond by
visualizing it as a cube having a silicon solar cell on each
surface. Cells on opposing surfaces are connected to a
load resistor so that the signal voltage across the resistor
is plus when one cell is illuminated and minus if the oppo-
site cell is illumnated. The system then provides three
separate outputs which will be telemetered from the
spacecraft. If the faces of the cube are alined perpendicu-
lar to the spacecraft axes, then the three outputs would
be Vyiin Viaw and Vy.i. The formulas for the angles
between the Sun line and spacecraft axes (assummg a
Lambert detector response) then become

V2
Bp1000 = tan-? W _

7

» arnfl = ""‘ ' »v

These calculations will be done by a ground-based com-
puter. The actual computations will be more complex
since the cell faces of the sensor will not be perpendicular
to the vaw and pitch axes of the spacecraft, and the cells
are not Lambert in their response.

The 2= steradian field of view required by each of the
six elements of the 4=-steradian Sin sensor can only be
met by placing the elements on the extremities of the
spacecraft. Even then, objects in the local area of the ele-
ments may remain in the field of view. On the Mariner B
spacecraft, science experiments on the solar panel tips
make it impossible to locate three mutually perpendicular
pairs of cells.on the structure of the spacecraft.

'
f .

To solvé this problem, each element is split in two,
and back-to-back mirrors ‘are crected perpendicular to
the plane of the cells (Figs. 34, 33, 38). The two mirror-
cell units arc now separated so that the troublesome object
is occulted to the two cells by the mirrors. as shown in
Fig. 35. The output currents of the two-cells are summed

and the sym is treated the same as the output from a -

simple cell. The current lost because cell No. 2 is partly
or completely shaded is made up for by the increase in

intensity on cell No. 1 caused by the mirror. Design .

requirements are:

|
N
=

=
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»(1) The shape of minor§ and cells must be identical;-
"..(2):The cells must be perpendlcular to the mirror.
_ (3) The mirrors must be parallel

(4) Nothing may be in the 2= stcrad:an field of view of
either cell except its associated mirror.

+ (5) Cell current must be a linear function of intensity.
" Errors can be expected from sev’é_ral geometric sources:
“- (1) Error is contributed the s‘ystcm by nonperpendicu-

larity of the elements faces (Fig. 36): maximum sys-
- tem error = e. ‘

. . ’ ' ! ' R . .
. oL \ . ) .

SOLAR CELL

Fig. 36. 4n steradion Sun s'pmér",'sﬁé'\n_r'ing coordinates

(2) Mnsahgnment of half an elemdnt~ ma.xlmum sys-b-'
ttem error = %e.

(3) The lack of a mirror (with 100% refléctance) will .
introduce a certain amount of error to the system.
However, by making the mirrors large compared
to the size of the cells, large areas of the celestial
sphere will be free from error caused by reflectance
since the reflectance cancels out the system equa-
tions. Shown in Fig. 37 is a polar projection of the
areas for which the error cancels for the geometrical

* configuration shown in Fig. 38 (errors cancel in
dark. regions). For mirrars with 90% reflectance,.
the maximum error for large values of ova will be
1.5 deg.

_ Test models of the cell and mirror configuration are
being fabricated for testing and evaluation. Errors will
also be contributed by reflected solar energy from the

Earth while the spacecraft is near the Earth. When the '

range from the Earth’s surface exceeds 4000 mi, or when
the phase angle exceeds 75 deg. thls error will fall below
6 deg. : ‘

e. SecoMam Sun sensors. The secondary Sun sensor

system for Mariner B is functionally the same as for

Ranger and Mariner R. The physical configuration will
be entirely different. however, with four of the eight
detectors integrated into the 4- steradian Sun-sensor
assemblies; the other four detectors, plus two of the
4= steradian detectors, will be mounted in two secondary
assemblies containing two cells each and their shadow

/s
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bar ‘Thes'e assemblies will be located on the (lurk side :

of two opposed. solar panels.’ lntcgrahon of* these two

. sensor systcms will- result in savmgs of both space and -
\\ eight. ‘

z A Cuulahce Sun xé'mor. “The. gundanw Sun sensor. will
be flown aboard Mariner B for use durmg planet. approachx

“Tts functmri is'to- prm ide an accurate readout of the angle

bLt\\‘C(.n the spacecraft roll axis, and the Sun line. The

anQe Between tllc sp.x('e(mft roll'axis and the’ spacecraft .
phnct line is determined by the approach meet scanner. .

‘These two angles are added,to obtain the Sun’ probe

planet angle. Starting appromnate]y 10 davs  prior. to

plamt encounter, this information will' he samplcd for
use in determxmng.the‘tra)eotory, corrcct;on maneuvers.

The sensor’ | is' rcqmred ‘to. have an output whlch is

linéar to +10% 3 o over a range of =10 min. Figure 38
" . shows a, Sun sensor test ‘fixture ' ‘having -an adjustable

"length ‘shadow: bar. This dcvnce will be used to determine

the optimum -length . betwecn the cadmium-sulfide cell

and the edge of the: shadow bar which casts its shadow
on the ccll. The sensors scale factor increases as the

S shadow‘bar length is mp_reased, but not proportionally.

Fig. 38. Sun s'omor tost fix'qu

Thns is caused by the fact that the, Sun is not a pomt

" source and its finite diamcter causes the shadow to be

less sharp when the shadow bar is moved away from

the cell.

l Although the test ﬁxture in Flg 38 is 4 smgle -axis ,‘ .
device, the ﬂlght gmdance Sun sensor will be, dcﬂgned ‘

to provide error signals about both the ,pxtch and yaw -
axes. : o . e T '

6 Canopus S:mulanon

Adequate testing and (ahbrauon of the star sensor for
use ‘bn ‘the Mariner B spacecraft requires that a precise

. simulation be_made of the star Canopus. The s:mulahon
- should provide good collimation. The absohite spvctral

énergy distribution should be. within $pecified limits. The
madlance should be uniform, w1thm specnﬁed lxmlts over
the area to be used by the star sensor in. testmg

Work has been mmated to prov:de a laborator) simu-
lation of Canopus with the required characteristics. In a
_parallel effort, a program has been initiated to more
preciscly define the spectral irradiance of Canopus outside
_the Earth’s. atmosphere. Data from previous spectral
measurcments made of Canopus and other reference stars
from the southern hemisphere are being reduced. It is
anticipated that the spectral iryadi_nnce ‘of .Canopus be-.



tween 3800 and 5500 A will be specified to an accuracy

better than 5%, while outside this region' the accuracy
will be better than 107.

- The simulator will utilize a high-pressure xenon arc
for a source. The spectrum of the source will be modified

by suitable flters to more nearly approximate the Can-

opus spectral distribution. The condenser optics will be

all quartz and an off-axis parabola will be used for colli- -

mation. The collimated star bundle will be 5 in. in
diameter.

To calibrate the spectral irradiance of the Canopus

‘simulator components are heing procured to build a
_ spoctmmdmmotor The spectroradmmeter will utilize a

ILeiss double. monachrometer to compare the simulator
irradiance with the irradiance from a reference lamp
spectrally calibrated by the National Bureau of Standards.
. . . ) v ' -

7. Horizon Scanner

Testing of the horizon, s sorted in

SPS 37-9, has con(mued F:gur shows the .hon-zr;n

scanner, with the rear cover removed. mounted in a test” ©
fixture. This fisture allows precision alignment of the ™/

iy

/

horizon-scanner mounting flanges with respect to a dis-*

" tant simulated planet. By using this fixture the optical

axis can be adjusted to coincide with the mechanical

, axis. The fixture rotates the horizon scanner about its

front nodal point to enable calibration of the crror- output
scale factor.

For testing of the horizon scanner for functional per-
formance with environmental simulation, a space back-
ground simulator, has been designed  and fabricated.
Figure 40 shows the horizon scanner mounted in the space
background simulator. The simulator consists of an out-
side wall of foam insulation, a liquid nitrogen shroud.
and an interior cavity which can be evacuated to less
than 10 * torr pressure. The interior of the cavity is

" treated to have a high emissivity. The interior surface

area is large with respect to the uncooled area where
the horizon scanner looks in, thus the simulator appears
'to be a black body with close to unity emissivity at a
temperature of 77°K. The window of the horizop scanner
also serves as the \'{lndn\\‘ to the simulator. To simulate
a planet's radiance against the space background, a small
heated conical cavity is located inside the large cooled
cavity. The heated cavity can be set ‘at any desired
temperature for testing and absolute radiometric cali-
bration of the honzon scanner.




-+ Preliminary tests with the simulator have confirmed the
existence of a space background problem. The nature
of the problem is that the over-all efficiency of the optical
system (containing five elements of germanium: window,
two wedges, objective and detector emersion element, all

- low-reflectance coated to peak at 12 p) is approximately

20% for 300°K radiation. When the horizon scanner is

looking at a homogencous background, at a different tem-
_perature than the instrument is internally, any variation

of the optical efficiency as a function of the wedge angle

“will result in a change of energy on the detector. This

change will give an unwanted signal described as aperture
modulation. The efféct of this aperture-modulation is to
reduce the horizon scanner sensitivity by increasing the
noise level. An investigation as to the cause of this aper-
ture modulation as a function of wedge angle is being
made. In addition, sevéral approaches to compensate for

- the modulation, such as selected masking of the wedges

and/or llmmng the spectral response to the region. of

‘ mammuih ttansmission, are ‘being investigated.

Additional ‘n‘.':ronment al'tests have included vibration
and accclcrahon testing: of the horizon scanner. Prelim-

inary results indicate no mechanical failures in these tests.

*

8.Image Dissector .

¥

Three image dissectors, prcwously described in SPS

37-12, have been reccived from the contractor to date.

‘Both functional and environmental testing is procceding

on the tubes. Figuré 41 shows the test equipment for
functional testing. The image dissector is mounted on a

‘pair of rotary tables in such a manner that ‘each’ table
" provides rotation in one axis about an identical point.

Image dissector test

Fig. 41.

N R

This point is chosen to be coincident with the center of
curvature of the photocathode. An optical image in focus
on the curved photocathode will thus remain in focus
as the tube is repositioned. A microscope. objective | is
used Yo form a reduced image. from the slide projector,
on the face of the photocathode. For sensitivity meas-
urements, the microscope .objective and projector are -
removed. Light from a National Bureau of Standards cali-
brated source, located in the lamp housing shown at the
end of the bench is allowed to'illuminate the photo-
cathode. .

Preliminary functional tests have given the following
results. The deflection linearity over a 'i-in. arca of the
photocathode is better than 1%. The resolution at the

. center of the photocathode is sufficient to give 307 méduo-

lation of a Bar chart with 2-mil spacing between the
alternate black and illuminated bars. At s in. from the
center the modulation has decreased to 107 and degen-
erates badly further out. The uscful arca of the photo-

‘catlmdc is thus considered to be approximately '3 in. and

will be more specifically defined by the resolution require-
ments of the particular application of the tube. Since
the sensitive area of the photocathode is approximately
1 in. in diameter, the useful area is determined by the
clectron optics limitations. The resolution does not appear
to be improved by increasing the electron ophcs accel- -
erating voltage in excess of 600 v.

“An image dissector mounted in its housing has been
subjected to the design qualification typeapproval vibra-
tion environment. No effects due to this environmenit were
notxce'\ble dn subsequcnt retesting of the tube.

\Vork on- development of a high-temperature photo-
cathode for the image dissector was initiated. The purpose
of this development was to provide a tube that would
have the capability of withstanding sterilization tempera-
tures (125°C for 36 hr) with no subscquent loss in sen-
sitivity. Several tubes were constructed, using a bialkali
photocathode of sodium potassium. These tubes did not
meet the required sensitivity, having a response of 5 to
10 ;amp lumen (2870°K color temperature incident light)

as compared to the 50 pamp lumen from a typical, -
S-11 photocathode. A change in 'the Mariner B design
requirements has climinated the need for sterilization ™.

capabilities in the initial systems using the image dis-
sectors. These changes, together with the initial high-
temperature photocathode difficulties, have resulted in
a decision to proceed with the S-11 photocathode and to
continue the high-temperature dcwlopmont cffort on a
reduced long term baSIs

“




Some initial studics have been made on the problems
of the design of an optical system, with field: corrector,

“to. work with the ‘curved (1'w-in,, radius) photocathode,

These studics have indicated that the use of a.fiber optics

face plate for the photomultiplier would ease the optical .

design prnblcm and would also'result in improved image

~ . quality. Work has beén mitiated. to incorporate a fiber

optncs face platc into- the ‘image. dlSSector B

N Ta R : B
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"9 Canopus Tracker R o '

'

The C.mopm tnckcr is designed, to furmsh the third

-axis reference.for the Mariner B amtude-qontrol system.
"It is a no-noving-parts’ device that | promises to have thc.
.long hfehme necessary for planct,lry missions.

1
! i

Ly The hcart of the system is an 1mage dmector mhe,'
" .. devcloped under’ jPL (,ontra(t 950096 by CBS Labota: .’
tories. This tube permits a slit: sha;\od wartion' (0.004 X .
0.070 in.) of a- plmtouthodc (0:500-in.* diamcter) to be
: ;xmtdntaneously ewmmed by 4 1‘7—stage photomultlphcr'

In usé, an.area:of space equiv alent' to 4 X 32 dcg is

. nmaged on the face of the tube by a fast, wide- angle

optlcal sy stcm The 32:deg view angle is positioned on the

. spacecraft to include ‘all possible Sun—pr(ﬂm—(}anopm_‘
. "'anglos- for tra)ectones mughlv within the ecliptic plane.
" The portion of the cathode along, the'32 deg is determined
".bv the: Canopiis. cone angle. generator from inputs. by.
- CCAS ' pregetermined program- and ‘by two. modcs of

ground command }nckup

. The slit is cﬂ'ectively swept perpendicular to its long.

axis through 4 dvg peak-to-peak by a 20-cps triangular
. wave. The tube output is a ‘pulse train of 40 pulses/sec
. whosé. phasc rolahomhlp to the sweep voltage determines

the error signal about the roll-axis. This roll error signal

{Fig. 42).is produeed by samphng the sweéep voltage at
, P u

_thc moment of the star pulses and holding. this voltage

- between: pulses. The trmngular wave shape permits a.
, hlgh degree of rejection of. offsets ‘caused by samplmg

delays, variations-in pulse characteristics, and variations

in amplitude and frequency of the sweep voltage.

Figurc 43 shows the tracker block diagram. Note that
an internal signal rvprcsrntinq star “color” for additional
“identification” is ot gonemtcd S-11 magnitude and star

cone angle (and to some extent mm- -angle rate) are the’
" only information used for Canopus identification (avail-
~able to the star tracker itself). The threshold gates will

be set at approximately a factor of 225 from nominal
calculated Canopus amplitude. -In the event ‘that the

’
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Fig. 43. Canopus tracker block dicg:rom _

wrong celestial object is - acquired, ‘command ' access

through ihe omnidirectional antenna is available as a-
- backup. In. this event, a roll override -command ‘will be-

" given and the sp'\(ecraft w ﬂl begin a roll sc1rch for the
next, acccptablc "bright oij(t :

The Canopus tracker is mechamcall) p'l(‘]\df!,(‘d in thrcv
portions with a total weight of about 7

mountgd to the side of the mtcgrate(l guidance package
in a special carrier designed to maintain alignment to
the planet approach scanner. The two clectronics portions,
- the Canppus conc angle gencrator and the Canopus
tracker clectronics are .cach packaged in Mariner. B
1.25-in. standard modules. The electronics requires about
4 w of 2400 ¢ps, 50 v rns. The entire tracking head can be
rotated to permit different roll null positions and thus
diffcrent nominal roll .ltmud(-s of the spacegraft.

ib. The tmckmg .
" head containing the image dxsscctor optics, 40 deg mxrror-l _
and lens shade, preamplifier and high- voltage supply is



e

The problems associated with development of the
- Canopus tracker have mostly concerned the image dis-

‘sector because of the complexity of the device and the

stringent requirements placed on its pcrfnrmancc A prob-
lem with optics because of the curved photocathode has
been solved with a fiber optics faceplate. A problem with
variations -of sensitivity of the tube across its face may

“eventually require a specially graduated filter in front

of the tube. A problem with voltage breakdown across
the tube base has been solved. ‘

Other pmblem areas where solutmns are in sight are

_the fast wide-angle optics, mechanical stability and aline-

ment of the tracking head, and electronic stabilities.

. St.nbxlm requirements of all kinds are very severe, not

only for attitude control, but primarily for succcssful
solution of planct appm.nh guidance.

- The dnolopm( nt \\orl\ has all been done at JPL of
under JPL contracts. These include contracts to CBS
Laboratorics for image dissectors, the Te Company for

optics, and DIJAN Controls for the b-lnupu\ coue angle

wiigT

‘generator. During development cffort, a request for bids
~ .. was initiated, with Barnes Engineering, Company being

the sugcessful bidder for-the fabrication and testing of
u)mpkte Canopus trackers. During the fina] development
effort, Barnes Engineering has their project engineer resi-

dent at JPL to ensure a smooth and rapid transition mto ‘

“the pmducuon phase for the Canépus tracker. -

.10. Rélafing Detector lor Sensor) Response From .

One Radiant Source to Another Through-
an Intermediary Sfandard

lf an_optical sensor such as a: ‘star tracker is to be

"acl‘nratc'l) threshold-calibrated and, \t is not possible or
_"is inconvenient to calibrate on the actual star, a simulator

_inust be used. Ideally the simulator should have the same

" absolute spectral outpnt as the star outside the Earth

atmosphere. This is difficult, since present sources have-

spectral characteristics much, different than a typical star.

 The following ulcuhhons mdncate a; practical approach’

~ of relating tracker response on onc source to that on
: --.another source through an - mtermedmte ca]nbrabon ‘
“(which “ould logxcally be the ft-candle or other con- -
'\'c-ment standard) SO x

e

Ass;;mptwm. o

" Star m‘.celcstial reféfénce “dutput” at the tracker location

[

LIM

cm {( R L

Laboratory simulator output

w '

R A

Tracker response versus wavelength

Ckf) =22
Area of collecting optic
A om?

Star or celestial reference output in ft-candles at the '

tracker location .

(930} 685k, | £V @A

"»

lator cutput in ft-candles

-[930) 683k, h f, (Vv (A).L\ -

‘Eye :fe§ponse normalized to 1 at peak = -
Vi)

*Computations.

For tracker output when operated against simulator to .
~ be equal to the same as its output against the star

Akyk, / L0, () dA = Ak,k..]’};a),f.a).u wm

s and if s:mulator ft-candle flux, equals R tnmes the star

ft-candle ﬂux then

v e

¥

ey

which‘ 'implies
Rk: / 'f: (M V(A) d'\
' k, o= o . (3)
T LAV M)A
. .

‘ [930‘]‘68‘5“‘ / f m"'.‘” di = W”l-“”?éfh MV
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substituting (3) into (1) yields

/I. (A V(AYdA / f: AL (A dA

/’Z(A)V(A)({A/,.(A)f\(k)dA

“4)

'The simulator should therefore be set at a ft-candle level

that is R times the star ft-candle level. ‘When this fs done,

response on the star.

'i'ypical values of R are shown in Table 9, and are

_the sensor response to the simulator will be equal to its

subjéct to individual variation in detector response,
assumed Canopus curve, etc. They are, therefore, correct

for published nommal values only.

Table 9. Typical values of R

Simuiater seurce type

$-11 photomultipfier

Tracker respénse Celestiol u';rmo
Xenon $-11 photomultiplier Earth 1.334
Xenon s pholovnun.i'pﬁcv Maors . 0.976
Xenon S-11 photomultiplier | Conopus 1.3
Xenon $-11 photomehtiplier |  Sirius 1.47
Xenon . $-11 photomeitiplier | Vego' 175
Xenon S-11 X LRES optics Eorth l.JJI
Xenon $-11 X LRES opties |, Mv: 09
Xenon 4 S$-11 X LRES optics Conopus 1.20
Xenon S-11 X LRES optics Sivivs 143
Xenon $-11 X LRES optics Vbqo 1.64
Xenon S-4 X LRES optics Conopus - 1.34
Xenon S-4 pho'owwllipﬁ& . Canopus LN
Xenon silicon celi X LRES Sun 0.028
oplics :

Xenon silicon ceii Swn 0.442
2750°K black body | $-11 X LRESoptics | Cenopus ¥ ]

| 6000°K black body | 5.1 X LRES optics: | Canopus 1188
17’50" black body $-11 photomultiplier Earth 2.68
8000°K black body Eqrth 1,162
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2. Attitude Control

a. Earth sensor. The Ranger Earth. sensor is a device
which utilizes a variable aperture shadowing technique
on three photomultiplier tubes so arranged that their
current outputs can be resolved into 2-axis error signals.
Previous SPS reports have traced the: development of '
_the Earth sensor in detail (SPS 37-4, -5, -6, 70 and 9):
“The following discussion is a current look at the Ranger' '
Earth sensor noting in particular the test equipment, some

test data, performance in Rangers 1 through 4, and the |

development of jan Earth sensor light hood.

Figure 29 shows the equipment used to check out thil
Ranger Earth sensor at AMR; Fig. 30 is a block diagram
of the test equipment.. The short range Earth simu-

" lator simulates the Earth at its color temperature, various

sizes, and light intensities of the Earth at mid-course and
terminal mancuvers. The long range Earth simulator has
the added feature of providing various phase angles of
the Earth. The short range Earth sensor is mounted on
top of a mechanical alinement fixture and a T-2 theodolite
« (Fig. 29). The Earth sensor can be rotated to any desired

angle with respect to the Earth by means of the theodo-
lite. and the mechanical null position of the Earth sensor
with respect to the Earth can be determined with the
mechanical alinement fixture. The small telescope on -
the mechanical alinement fixture is adjusted parallel to
the mounting reference surfaces on the Earth sensor using
autocollimation techniques. Voltage outputs of the Earth
sensor are read out of the dynamics meters after the sig-
nal has passed through demodulators and simulated loads
as would be in the attitude control subsystem. Figure 31 .
is the final circuit diagram of the Ranger Earth sensor.

Figure 32 is the actual Earth sensor plot of roll and
hinge voltage outputs versus angle. Table 14 shows typical

~

5'0'
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'Table 14. Values for third quarter trajectories for

Rongers 3 through 7

Maneuver

Diometer of Eervh,
dog

Sun—Earth-prebe
ongles, deg

First acquisition of
Earth sepror

Mid-course maneuver

Termina! maneuver

KT

44

19

90 10 140

00130
7010 130

+25 v
‘-2.5\'

QEARTH
g SlMULATOR

[SHORT RaNGE|-

400 cps, 26 v tms

third quarter values (Rangers 3 through 7) of Earth dnam-
eter and Sun—-Earth—probe angles when the Earth sensor
is first tumed on, during mid-course maneuver, and at
terminal mancuver. The long range Earth simulator was

" used to simulate the Earth at its approximate color tem-

perature,‘a Sun-Earth-probe angle of 90 deg as shown
in the sketch on the plots, the corresponding light inten-

_sities during the respective maneuvers, and the approxi- -

mate Earth diameters. The rounding of the curves near
the saturation points is due to the finite size of the Earth.
1f the Eurth were 2 point of source of llght the curves
would be a straight line saturating at 1.25 deg for roll
and 2.5 deg at hinge. The finite size of the Earth causes

these intersecting lines to curve in a region of plus and -

minus the radius of the Earth from. the saturation points,

- ,of a pomt source. Thns is read:lv s¢en m F'lg 32(0)

_DYNAMICS .

METER"
FOR

_ . L LIGHT

k ~ . ] INTENSITY

| ACQUISITION
LOAD

DYNAMICS
. METER

- EARTH

. SENSOR

“VARIAC

N
b

" VOLTAGE

- IrecdLator| .
‘4 .

_chHchcaL -
CALINEMENT |

OSCILLOSCOPE |,

‘

- THEODOLITE

4

e, T2

|DEMODULATOR
8 raLl -

SIMULATED
LOAD

DYNAMICS
~ METER’,

DEMOOULATOR
6 nancs

SIMULATED

'DYNAMICS
LOAD .

METER -

Fig. 30. :IQst facility !or ;ho"ﬂ .rimgo Earth sensor . . L.
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tures near room temperature during lamp operation so
they do not appear as bright infrared sources.

At present, there are three different apcﬂures available,
which simulate the Sun’s diameter at Venus, Earth, and
at Mars. The highest intensity level is obtained with no
aperture on the lamp housing. Intensity levels are:

Aperture Measured intensity, | Percent of
ft-candles _desired.

None L8000 | - T L0

Sun-Venus . 3500 120 o

Sun-Earth 2300 186 .-

Sun-Mars 1100 - 187

The arc crater is at the primary focus of an elliptical
reflector inside the lamp housing, and the aperture is at’
its secondary focal point. The aperture is also at the focal
point of an off-axis parabola, which is 24 in. in diameter. -
- The crater image is then reflected to the front surfaced
45-deg mirror and down to the cement pad in the dome.
Figures 48 and 49 show the 45 deg and the parabolic

Fig. 48. Mirror (45 deg)
.ing when the sky is overcast, and when higher leveis of
ultraviolet are needed than can be obtained from the Sun
through the Earth's atmosphere.

The lamp housings are equipped with ;énmvable watef
cooled . dpertures; the water cooling is to keep the-aper-

s

A . .




.. 10 times brighter than expected on normal Rariger tra-

Because there is only a half illuminated Earth in the

. hinge direction in an 32(b), this effect is verv much
~ diminished.

The Earth sensor functioned in ‘Rangers 1, 2, and 3. On

‘Ranger 4 the Earth sensor was never energized. Rangers

1 and 2 operated in a low Earth orbit'and the Earth sen-

- sors indicated acquisition on lighted objects with Ranger
1 giving more information, in general. The Earth sensor

appeared to be operating correctly even though its tem-
perature was close to the maximum allowable Earth
sensor temperature, and the intensity of the Earth was

]ectones .

Ranger 3 provided the first good inflight evaluation of
Earth sensor performance. This evaluation indicated that
the sensor performed as intended during ﬂlght A
spurious pitch command at terminal (Moon distance)
caused the spacecraft to pltch in the direction of Earth,
‘eventually bringing the Sun shade between Earth sensor

" and Earth. This caused a loss of Earth acquisition. From'
_ this point on, the spacecraft performance became quite
" confused and further Earth sensor performance cannot
~ be adequately stated. :

Figufe 33 js a plot of simulated Earth sensor light
intensity data calculated for the Ranger 3 flight and light
intensity telemetered back from the Ranger 3 Earth sen-

‘sor during flight. The correlation between the two sets

of data.is good. The simulated data was calculated con-
sidering the Earth to be a perfectly diffuse (Lambert)
reflector: with an Earth albedo of 0.4.

Asymmetrical snow and cloud cover coupled with finite
size of the Earth will cause the Earth sensor to have a
roll axis error. (Hinge errors are unimportant to guid-
ance.) An estimate of these errors indicates them to be
approximately 5% (3¢) of the Earth apparent diameter

~ (approximately 0.1 deg at termmal and 0.25 deg at mid-

course. )

“The Ranger Earth sensor needs a light hood to shade
its optics during terminal maneuver for Earth-probe-Sun
angles less than 93 deg. The light hood would experience ®
the following rather wide range of temperatures:. a maxi-

* mum temperature needed for heat sterilization of 326°F

for 2 hr to a minimum temperature during the cruise
phase of flight of - —300°F. The light hood must be
deformed -in shape to fit into the Earth sensor cavity. in
the Agena B adapter. The light hood, combined with all

other factors, cannot cause a tipoff rate larger than 3 deg/
- se¢ dunng Agena B—Ranger separation Fagur(- Misa

¢ o . vy

plclurc of the Ranger 4 light hood in the Agena B adapter
Earth sensor cavity. Another constraint is that if a light
hood is larger than the one used on Ranger 4, the light
hood will come in contact with the Earth sensor Sun

shield when the high-gain antenna is rotated 150 deg to,

" be clear of the mid-course motor, firing. Figure 35 is a

o f

picture of the Ranger 4 light hood at an antenna angle
approaching 180 deg. A last constraint is that the Earth

_ sensor must be able to track the Earth to a maximum '

antenna angle of 145 deg.

The Ranger 4 light hood is made out of snlashc- rubber

with thin strips of Teflon film bonded to it at the areas

that touch the walls of the Earth sensor cavity.in the

Agena B adapter. This hght hood permits =+ 180-deg yaw
angles and an Earth-probe-Sun angle of 73 deg or

larger. This hood had undergone a rather thorough test
evaluation prior to the Ranger 4 flight, and is the most
logical light hood to be used on Rangers 5,6, and 7. From
prchmmary trajectory information, the Ranger 4 light
hood would permit firing on 17 days out of a possnblc
21 days. :

Other light hoods which would permit more firing days
have been and are being designed. A prototype model of
g metallic light hood. which would permit an Earth-
probe-Sun angle of 65 deg or larger and = 180-deg yaw
.mglcs is being" evaluntcd
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Fig. 34. Ranger 4 light hood iri the Agena
: ~ Earth sensor cavity
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2. Celestial Simulator Laboratory Test Facility
" The celestial simulator building (SPS 37-5) ha§ a very

high dust particle count. The 24-in. D beam of sunlight,
when directed down through the air, results in a bright
shaft of illurninated particles (Fig. 46). This particle illu-
mination has interfered with certain critical sensor tests
when the sensor is being checked for stray light sensitiv-
ity.- An indication of the bnghtness of these pamcles is

.plven in Table 16

-
A4

This level of brightness even at the 04ieg elevation is

sufficient to cause the Ranger short-range Earth sensor
to deliver an acquisition signal. Calculations show that if

- sensor viewing path lengths are to be held down to 10 cm
" (sensor within the light beam and looking out), and dust

. particle background illumigation is to contribute only 108

of the Earth sensor.threshold level, the brightness must

.. be re’duced to 0.03 ft-lamberts (looking through the 24-in.

Jbeam). This reduction should be possible through several

Bk ;modxﬁcahons currenitly bemg planned. The modifications |

' ~aye.

. .
)

v .
'

(l) lnstallahon of a 3000-ft’/mm blower (10-min air’

. change) to create a positive pressure in the dome,
drawing air out at the bottom of the dome, passing

it through a bank of 99% efficient flters (at 0.3,).

and retummg it ta the dome near the top

2) Removal of blacl: carpet and mstallahon of black -

tile floor; since little or no air is introduced into the

' dome at present, it is felt the carpet is the major

' cause of the:dust problem.

A shght posmve pressme seems to exist at present in

the dome ‘room: since ‘dust particles rise up through the. -
" Sun opening in the top. As these patticles strike the 45-deg .

* front surfaced mirror, many of them adhere, to it, con-

" {View elavatien,| Early momln. wbm.
1. v M-lemberts .

Ny B RN R T
v '” ' . ‘.'VI~ ) 0.0 "".i' .' K - K 030
L, 48 ~ oas . | eer
[ osster flen trget. tlovel = 3300 Mcondion. . . ERE .

tammanng the 'surface Reducmg the dust level should'
. 'freduce the amount of clwmng reqmred for the mirror.

' [ .. r .
: L N

-. ' chlo lb lrigh!nou lovoh as a ﬁmcﬂon
. -of vinw olqvmion' '

o

»

This is important since the mirror is not over coated, and
its surface is easily scarred by cleanmg

+

3. Sun Sources

a. Heliostat system. Although no spectral distribution
curve has been taken as yet, for either the real Sun
(heliostat system) or the artificial carbon arc Sun source,
foot-candle levels have becn measured at the cement pad
on the floor in the dome room. Atmospheric contamination -
determines how accurately the heliostat servosystem will
follow the Sun across the sky. The tracking error has been
observed to vary from 6 sec of arc on a smog free day to
from 30 to 60 sec of arc on a heavy smog day. On days
of heavy air pollution, the edge of the Sun’s image is not

" sharply defined, thus the servosystem hunts in seeking

the zero error. The flux level using the heliostat system

_is approximately 3500 ft-candles, or 27.5% of the free space

solar constant. in ft-candles. This is significantly better
than can be produced by the carbon arc sxmnlator at the ’
correct Sun diameter. .

Figures 47 and 48 show that the hehostat mirror and

_ the 45-deg mirror are extremely dirty. The heliostat mirror .
_is not pitted' to any significant: extent, thus cleaning

should return it to its original condition. The 45-deg .

- 'mirror, however, seems to be pntted in spots and may ,
' vhave to be resurfaced. : :

' Carbon arc artificial.Sun source. This artificial Sun
source was installed to allow tests to be run in the build-
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T SUN IMAGE FROM L' .~ "mirror being used with the arc lamps. Tt is interesting to-
‘ ‘VENUS . o . note that these mirrors, which have not ‘been specially

: . coated to increase rellectance at any particular wave-

o length, aré only 75 to 85% eﬂiuent (per mirror] in the
snlmm solqr cell region. )
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simulated Sun source  beam. These measurements were
taken using'the carbon arc Sun simulator and three : aper-
tures were used to obtain the size of the Sun as seen from
Venus, Earth, and Mars. Readings were taken from a
10-ohm lpad across the output of a Hoffman silicon solar
cell Type 200A. The image was focused on the cell
through a 10-in. telephoto lens with an aperture setting -
: ‘ of £22. For, comparison, the same cell and lens setting was
IR ' ' ~ used to measure Sun intensity at JPL on July 26, 1961: -

Test condition Fntensity rgad_i ngs.
i o mv
_ : . Full Sun (outside) 242
R Through heliostat (1 mirror) 196
‘Through heliostat (2 mirrors) 47 . '

4. Celesh'ql Sensor Lab Dark Room Facilifks

Dark rooms have been constructed for conducting tests
on various sensors and optical breadboarding; these dark
rooms had three essential requirements:

(1) Convenience of access between dark rooms and
electronic breadboarding technician areas.

(2). Versatility such that varving phases of sensor de-
velopment could all be handled by thedark rooms.

(3) Several . llght -tight compartment so that testmg
could be conducted on many 1tems snmultaneously '

These requirements led to the construction of a long
dark tunnel divided by four plastic folding curtains. The
folding curtains allow each small room to be sealed for

. individual experimentation. When requirements arise for
Fsg 50. Variations in flux across simulated a long optical shot the four curtains are all pulled aside
' Sun source boom ‘ " as shown in Fig. 51.

READINGS ARE IN. Mu.uvous '

' A

Flgure 50 shows relative variation. in ﬂux across the: . °
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4 Long-Range Earfh Sensor
The long range Edﬂh sensor (LRES) is affected b\

“off-axis . disturbances;, to.'some degree. Extensive testing
‘was performed to estimate and correct this defect. During

- ‘these tests, additional problems associated with properly

o 4' snmulatmg the space environment arose. Extraneous light

‘was also reflected from test equipment, dark room walls,

Durmg mmal tcstmg a problem arose due to the front
surface of the vibrating reed being highly reflective. Solu-

" ‘tion to the problem was twofold: (1) blacken the reed, . .

' . .
L AT N AN . .

‘and operating personnel so that the results tended to be
o ‘on the pesslmlstm Slde

B N . f o o “ . ’ 0 Lo - . .
oo . L .," . . o . o - : . .o \ . . "- . . R
RO " A : S . o ) . S
) ! R ' _ o ; ‘ - ; [N , . ) RIS o -

Fig. 7. I.ong' range Earth s'om‘br test equipment

espegially the 45-deg bevel, and (2) introduce wave—shape
discrimination into the acquisition channel. The LRES
has been qualified and made readv for flight.

“Testing of the LRES is done with an Earth-Moon sim-
ulator and a Criswold optical div ldmg head; the test.
setup and rack are shown in Fig. 7.

'

The Earth-Moon simulator (Fig. 8) is a device desngned
and fabricated by Nortronics to present a simulation of
the Earth, Moon and Earth, or a star. The simulator
provides the means with which to determine accuracy of
alinement and flux level response. Continuous variable

“levels of irradiance are available for discrete distances

from the ‘Earth. There are provxdvd five different Earth-
phase positions for the larger size diameter Earth. The
simulator provides a 5-in. diameter collimated light which
is good to 53-sec-of-arc accuracy with reference to the
point source. Earth diameters from 5.411 to 0.000452 deg
can be simulated (in discrete steps), and variations in flux
are possible over a range of 159.7 X 10“ to 1. l" X 10
w/emt . T S
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Fig. 8. Earth-Moon simulator light source
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Rcmger Earth Sensor RN

bocn incorporated into Mr ier units so that ch.xm,vs
in acquisition prp«»t nnge anele would not be neeessary
- during any Favinch per riend” The large field of view: how-
- ever, prv\vntvd many constraints to the Ranger. tcrmm.ﬂ

Lmaneuver and picture-taKing mission. in ordvr to circum-.

Svent these gonstraints, tlu ficld of view has heen reduced
to 10 20 dey for the Ruw'u S and all subscquent mis-
sions.. A 9-position antenna pr( set hinge angle update

csvstem hee also been incorporated ‘to make the small
fickl of viow possible. '
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2. Long Range Earth Sensor, Mariner 2

The Mariner 2 long range Earth sensor (LRES) ‘pre-
viously described in SPS 3746, -9, -14, and -16, Vol. 1I,
performed very well during the Venus 1962 mission.

The LRES uses a single, end on, % -in. diameter, S-11
photacathode Dumont photomultiplier tube and a 22-cps
vibrating rced light chopper in its mechanization. A 2-in.
diameter f/1 lens images the Earth on the reed which is
shaped so that, essentially, phase yields roll error informa-
tion, and pulse width (minus a constant) is pmporhonal
to hinge citor. To hold angulur scale factors constant

“over a very large dynamic range of Earth illuminance,

photomultiplier output pulse amplitudes were held con-
stant at about ¥4 pamp through a high voltage regulation
loop. This very low current outpiit also assured an ex-

tremely long photomultiplier tube life. Threshold of the -
" LRES was set at 4,17 X 10~ ft-c, to prevent interference

from hright stars (approximately a factor of 10 greater
sensitivity was actually available). Maximum Earth flux
on a typical mission is approximately 0.1 ft-c, which
viclded a useable dynamic range of flux input of 24,000.

The 165 F in-flight temperatures near encounter far
exceeded design limits; however, the large sensitivity
margin (a factor of 7.6) cnabled Earth tracking con-
siderably past encounter. Actual drop-out occurred at an

Earth range and phase of 86.6 X 10* km and 45.5 deg,

respectively. Computation of Earth flux at this point
indicates a loss in sensmuty (due to the very high tem-
peratures) of a factor of 3.1.

. :

The LRES dependably and accurately delivered its
2-axis angular error signals to the attitude control system
for the duration of the missjon. There was, however, one
perplexing discrepancy during the early days of the mis-

sion. For engineering-evaluation of the LRES, a telem-

etry readout proportional to the’ setvoed high voltage
(indicating apparent Earth illuminance) was included.
(At first acquisition this telemetry readout indicated that
one of the following problem conditions existed: ‘

(H LIiES sensitivity had fallen by a factor of O4. ,

A ."
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(.3) Thc 1 RES had lodwd on the \ioon

- A \er\ c\lmustne' senes of ‘tests' was run to determmc

whlch one of these ‘conditions was in, effect, and why, A'

summarv of the tcstmg is. prcsented in the followmg

[ .
v

, Problem I: Loss of sonsm\m due to ad)acent d\nodc,
" elements shorting tog,ethcr in the photomulhpher tube

used as a dete(tor in the L. RES.

C . . , . ]

“Tevst. Of the 'ten d’yn(‘)deévin the photorultiplicr tube,

“various combinations of dyhodes- were shorted together

while the LRES was being operated. A sipulated Earth

of the same size and brightuness as calculated for that’

particular time was used. The’ Earth brightness voltage

was monitored on a test rd(k to detect an indication

similar to that omalmg in'the telem e!ered data of the
actual flight. : '

_ Result. There . eré no combinations of dvnode shorts |
. \\hnch would give a loss of sensitivity exactly as shown
, 'on the actu.xl telemetered data. :

Problem 2: Loss of sensitivity. due to contamination of
the front lens of the LRES or of the reflecting mirror in

- the Earth sensor hood from the Agena B fuel ejection

'
A

during separation.

Test. Tests ‘were pérformed at Lockheed, Sunn._vvale,"

with- the Agena booster ejecting fuel vapor. Measure-
ments of $he vapor density were made at various distances
! U

‘from the boo‘éte;‘.

Result. Thls test was witnessed by ]PL representatives,
.and the results verified the initial assumption that the
maximum contamination caused by the fuel vapor im-

pinging on the spacecraft was so small that it would not
be a possible source of trouble fm'v the LRES.

Problem 3 Dust pamcles contaminating the mirror
and front lens (ausmg a loss of sensitivity.

7 Test. Talchm powder was sprayed into the opening of
- the LRES hood to ceat the mirror and front lens in vary-

ing degrees.

+

Rrsull hmhmg deﬁmte could be concluded from thn
test

“

Problem 4: Contamination or dtgradahon in the quahty

of the mirror, lens or photomultiplier tube from the "new”

radnahpn belt (electron bnmbatdmcnt)

. Test 1. The lens systcm was expo_sed'to a cobalt radia-
tion field and also to an electron bombardment feld at
Atomic lnter’nation.il's facility, Canoga Park, The lens
system was given a transmission test before and after
each radnahon dose with a dosage accumulation from 450

" to ..3000rdds ‘

Rcsult The transmnssnon q\mhtv of the lens changed in
varymg degrees as it was exposcd to the radiation ﬁeld

Accumulated radiation, . Relative transmission,
' . rad - S %
130 100
3450 84.4
13450 68.0
23,450 514

The spacecraft was only exposed to the “new” radiation’
belt for a few minutes; therefore. the accumulative dos-
age would not exceed 3000 rad. The drop in transmission

"quality was due to the discoloration effect on,the lens
- surface. This discoloration -would gradually disappear

when the lens is exposed to temperatures over 100°F for
a period of time depending on the actual temperature
and the amount of the radiation dosage accumulated. The
Sun's rays could also eliminate the discoloration of the

~lens.

Test 2. The mirror was put through the same radiation
tests as the lens system. The reflectivity of the mirror was
checked before and after each test.

Result. There was no measurable ch‘ange in the re-
flectivity of the mirror.in any of these tests.

~

Test 3. An electron bombardment test was performed
on the following items and each item was tested before
and after the test for anv change in component quality:

7 <




| (l) Lens‘ "500 rad
(2) \hrmr 3000 rad .
({3) Photomultiplier tube, 3000 rad

" (4) Transistor 2N1711 (2), 3000 rad

. Result. The relative transmission of the lens did not

: change: the reflectivity of the mirror did not vary; the

sl

LI

o

ty ' .
».\'4

Y

.L $ens|h\lt\ of the phommultlphcr tube remained the same;
" and the transistors were checked for beta, V,, and Va,
~.and .showul no measurable chnhge C

Prbblemkl's.- A s;x't\-l'i'atcd pr(‘ampliﬁ('r in the Earth sensor
“.could cause the sensitivity to appear low.

Test. The Earth sensor was operated looking at a fairly

bright simulated Earth to saturate the preamplifier, and

_ then, ‘the’ intensity was gradually  decreased w hile the
‘Earth bnghmcss voltage w as bcmg monitored. When the |
" Earth sensor ‘was looking at the bright simulated Earth,
~the power to the Earth sensor was turned on and off .
_several times to see \\h.n eﬂe«.t this would ha\e on thc
prcamphﬁer ' : : :

reflected enough stray. hght to (ho Earth sensor to gne a
low Earth, brightness output voltage.

Test. The Mariner R-3 spacecraft was set up .in the

. celestial simulator so that the simulated Sun would illuini-

nate the spacecraft in the proper direction. The antenna,
with the Earth sensor mounted on the antenna yoke, was

“moved in the hinge axis through its traveling range. The

Earth: brightness- output voltage was momloud on the
test rack durmg this test. :

Rcsult. There was a 10% .drop in the Earth brightness'
wvoltage, but this was just a fraction of what was being -
sought. There were more reflections from the walls and

. floor of the simulator room shining into the Earth sensor
than from the spacecraft proper.

'[est‘s'will cf)ntir'm(-. to be made as new ideas and
theories are generated. So far, nothing has actually, pra-
duced the same Earth brightness readmgs which were

“encountered in ﬂnght

. The command for the mideourse maneuver was delayed
1 day to see if there.would be any changes in the low

" Earth brightness reading. No, ch.mgcs occurred, so the ‘

Result, - Althou&,h xhe preamphﬁer was satumtcd
“would not stay in the saturated condition with a dccrease
"in light intensity, ;md the sensitivity encountwed in the
* actual flight data could not be duphcated This possi- -
bility, althongh tery. remote, _probably ‘is relatwely the
“most hkel)‘ cause of the dl(ﬁculty '

Test 2.A breadbo.lrd of the preamphﬁer was fabncatcd
with the proper mput and output 1mpcdance A ‘simu-
l.tted m,na] was m]ected into the prmmphﬁer and the,

. opuahng pammeters were chang(-d by \*irvmg ‘the re-
- sistor and’ cap.lutor mlueSv The. input signal to the pre-"
L amphﬁer was also \drxed as'the butput of tho prcamphﬁcr
. was being momtored : !

Rrsult Although thc preamphﬁcr was madc to. sam- o
ate, it would not stav' in'this condition withotit 4 large
. inpt signal. Decreasmz ‘the resistor values gave the
- proper loss of S(‘nSltl\lf\ but in order’ for the resistance
"to decrease-ta the proper value the temperature ‘would
have to yo b(-lov\ zero deg. The jctual temperature dur- .
ing the period in qmshnn varied . from 81 to 94 F, and
' chmbed much huzh(r \ulh time.. : '

‘ I N
: 0

"~Prpblem 6 Them kms ar possdnhtv tli.xt the Sun's re-
ﬁechon on the spacccmft and its assocmted componcnts

: mmmand tov Initiate the midcourse maneuver was sent

to the spacecmft After the midcourse. maneuver was

" completed, the Sun sensors: orientated the spacecraft so

“ that the, extended solar panels would face the Sun again. -

. The Sun gate triggered the relay to applv powm' to the .
LRES. After a 24-min roll search,, the Earth sensor .

- acquired and locked onto the” Earth. The-: telemetered

Earth hn(zhtness data still indicated that the: sensitivity

"was very low. As the davs p“wd the tvlcmctered Earth"-

brightness was gradually dvcreasmg to the point where

- it would lose Earth acquisition. After 26 days'of opera-
uon on Scptember 29; 1962, the 1.RES lost Earth acqui- -

.cmon but only mnm(‘ntanl\, and “then reacqmred the
: Ea‘rth The telemetered Earth brightness reading jumped

,up’to the . proper c.nhbratlon level indicating normal
operating cond:hom as shmvn in Flg 3.

g
0

"Fig‘. 4 showk that after this transicnt had occurred, the

.~Earth brightness curve vfnllowcd,dd's.ely the calibration
~eurve up to the 72nd day of flight. The'deviation of the . .
. actual flight curve after this time 'w as due to the tempera-
“turé rise in the . Earth sensor. The sparc Earth sensor,
"Serial 3; was given a temperature versus Earth brightness
“output- voltage test to see exactly how much the tempera-

ture affected the Earth brightness readout Table 3 gives

" the results of this test, and it shows that although there’

was very little change from 70 to 1307F, there was a very

1
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noticeable change at 150°F. At this tempgrature the

Earth bnghtness output readmg changed approximately

Table 3. Tqmpqroiwe" test, LRES Serial 3

‘Temperature - Earth intensity Eorth brightness
tronsducer, °F <(|6mvh'qvl,ylg,n' output veltage, v
70 5% 107" —0.57
70 5% 10" , —1a

70 X o —~2.02

90 T8 X107 -0.60

8 90 s X 10° -1.2

90 1 X 10 —~2.05

10, ‘ 5 X107 -0.59

o L 5% 10" -1.18

' mwo 1 X 10 . —2.05

S0 5X 107" T —0.625

" 130 .5 X0 -1.23

130 . 1t X 10" —-2.10
"L150 o §X 0t —0.630 !

180, $X10° - —1.25

! aso ‘ 1 X 10" -2.22

TNy
g

0.2 v, which is equivalent to about 8 DN on the graph.
As shown in Fig. 5, the temperature went' from 130 to
150°F between the 330th to 340th day. Also of interest

are the daily fluctuations of the telemetered Earth bright-,

ness data which varied' +9.2% as seen in Fig. 6. This
daily variation was concluded to be due to the different
surface and cloud condition of the Earth. :

The calculated Earth brightness with respect to time
as the distance from the Earth is increased is shown in
Fig. 7. This calculated ¢urve as compared with the actual
telemetered Earth brightness curve is shown in Fig. 8 as
a percentage deviation during the flight, to 110 days. The

deviation could not be calculated past 110 days, because
‘the telemetered Earth brightness signal had reached sat-

uration.

¢

The LRES operated extremcly well considering the
unexpected high temperatures which it had to withstand.

. The Earth sensor was originally designed to operate in

the region between 32 and 100°F. The temperature at '
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